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Ph.D. T H E S I S P a g e 1 
1 . INTRODUCTION 
came a new g r o u p o f s e a f a r e r s - t h e m a r i n e e n g i n e e r s a n d 
f i r e m e n . T h i s i n t r o d u c t i o n c a u s e d a n i n c r e a s e i n t h e s i z e 
o f s h i p s * c r e w s a n d c r e a t e d a s p e c i a l i s t work g r o u p . 
F u r t h e r , t h i s i n t r o d u c t i o n o f a new g r o u p o f s e a f a r e r s 
c a u s e d a v e r t i c a l d i v i s i o n i n t h e s o c i a l s t r u c t u r e , by 
s e g r a g a t i n g t h e c r e w i n t o s e p a r a t e o p e r a t i o n a l d e p a r t m e n t s , 
t h e d e c k d e p a r t m e n t a n d t h e e n g i n e d e p a r t m e n t . T h i s w a s i n 
a d d i t i o n t o t h e h o r i z o n t a l d i v i s i o n s ( h i e r a r c h i e s ) a l r e a d y 
p r e s e n t - M a s t e r , o f f i c e r s , a n d r a t i n g s . T h e a d v e n t o f 
r a d i o c o m m u n i c a t i o n , a r o u n d 1910, p r o d u c e d a f u r t h e r new 
g r o u p o f s e a f a r e r s , t h e r a d i o o p e r a t o r s , w i t h s i m i l a r 
e f f e c t s t o t h e i n t r o d u c t i o n o f t h e e n g i n e e r i n g g r o u p i . e . 
i n c r e a s e d s i z e o f c r e w a n d t h e c r e a t i o n o f a s p e c i a l i s t 
d e p a r t m e n t . 
T h i s c o n t i n u e d e x p a n s i o n o f c r e w s i z e m e a n t t h a t t h e 
s i n g l e o r i g i n a l s p e c i a l i s t , t h e s h i p ' s c o o k , n e e d e d 
a s s i s t a n c e a n d s u p p o r t a n d t h i s g a v e r i s e t o a n o t h e r 
s p e c i a l i s t g r o u p , t h e c a t e r i n g d e p a r t m e n t . T h i s a c c r e t i o n 
o f s p e c i a l i s t s h a s c o n t i n u e d t o t h e p r e s e n t d a y w i t h 
t e c h n o l o g i c a l a d v a n c e s r e q u i r i n g t h e a p p o i n t m e n t o f 
e l e c t r o n i c s o f f i c e r s , r e f r i g e r a t i o n e n g i n e e r s , e l e c t r i c a l 
o f f i c e r s , a n d s p e c i a l i z e d c a r g o o f f i c e r s . 
T h e s t r u c t u r e o f a m o d e r n m e r c h a n t s h i p ' s c r e w may be 
a s d e p i c t e d i n f i g u r e 1.1 w h i c h s h o w s t h e h o r i z o n t a l a n d 
v e r t i c a l s o c i a l d i v i s i o n s w i t h i n t h e s h i p :-
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FIGURE 1.1 
A m a j o r c o n s e q u e n c e o f t h i s s t r u c t u r e i s t h a t 
o f f i c e r s * k n o w l e d g e a n d s k i l l s a r e s e g r e g a t e d i n t o 
d e p a r t m e n t s a n d t h e m a s t e r h a s u l t i m a t e r e s p o n s i b i l i t y f o r 
some s h i p s y s t e m s o f w h i c h h e h a s l i t t l e k n o w l e d g e a n d f e w 
s k i l l s . An i m p o r t a n t p o i n t t o n o t e , a l s o , i s t h a t w h e r e 
s p e c i a l i s t s h a v e b e e n a b s o r b e d i n t o t h e s e a f a r i n g l i f e t h e y 
h a v e , a l m o s t w i t h o u t e x c e p t i o n , b e e n a c c o r d e d o f f i c e r 
s t a t u s . 
T h e p r o f e s s i o n a l e x a m i n a t i o n r e q u i r e m e n t s f o r 
s e a f a r e r s w e r e i n t r o d u c e d c o i n c i d e n t a l 1 y w i t h t h e a d v e n t o f 
s t e a m p o w e r , a t a t i m e w hen a l l s h i p s w e r e e s s e n t i a l l y 
c a r g o ' t r a m p i n g ' v e s s e l s i . e . t h e y c a r r i e d p a c k a g e d c a r g o 
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on a n o p p o r t u n i s t i c b a s i s . T h e s y s t e m o f c o m p e t e n c e t e s t i n g 
h a s c o n t i n u e d w i t h f e w m o d i f i c a t i o n s a n d t h e p o s s e s s o r o f a 
c e r t i f i c a t e o f c o m p e t e n c y i s f r e e t o s e r v e o n a n y v e s s e l 
t y p e . T h e h u g e p r o l i f e r a t i o n o f s p e c i a l i z e d s h i p t y p e s 
w h i c h h a s t a k e n p l a c e s i n c e 1960 ( s e e c h a p t e r 3 ) h a s h a d 
l i t t l e e f f e c t on t h e e x a m i n a t i o n r e q u i r e m e n t s ( w i t h t h e 
e x c e p t i o n o f some d a n g e r o u s c a r g o c a r r i e r s ) . 
T e c h n o l o g i c a l a d v a n c e s , a u t o m a t i o n , a n d t h e h i g h c o s t 
o f E u r o p e a n l a b o u r h a v e a l l j o i n e d t o g e t h e r t o f p r c e a 
r e d u c t i o n i n c r e w c o m p l e m e n t s a n d a r e d i s t r i b u t i o n o f 
s h i p b o a r d t a s k s among t h o s e r e m a i n i n g . T o d a t e t h i s 
r e d i s t r i b u t i o n o f t a s k s h a s t a k e n p l a c e a g a i n s t a 
b a c k g r o u n d o f t r a d i t i o n a l t r a i n i n g m e t h o d s a n d h i s t o r i c a l l y 
e s t a b l i s h e d s o c i a l d i v i s i o n s . I n o r d e r f o r s h i p s t o o p e r a t e 
s a f e l y a n d e f f e c t i v e l y i n t h e 1 9 9 0 ' s , a n d b e y o n d , a 
t h o r o u g h a p p r a i s a l o f c u r r e n t s h i p p i n g o p e r a t i o n s i s 
r e q u i r e d t o e x a m i n e t h e f u n c t i o n s t h a t m u s t b e p e r f o r m e d 
a n d e x a m i n e i n n o v a t i v e c r e w s t r u c t u r e s . T h i s a p p r a i s a l m u s t 
e x a m i n e t h e s o c i a l d i v i s i o n s a b o a r d s h i p s , t h e e n v i r o n m e n t 
i n w h i c h s h i p s o p e r a t e a n d a n a l y z e t h e work c a r r i e d o u t by 
s h i p s ' c r e w s . T h i s t h e s i s t a k e s , a s t h e f i e l d o f s t u d y , 
s h i p s ' c r e w s o p e r a t i n g w i t h i n c h a n g i n g t e c h n o l o g i c a l , 
e c o n o m i c , s o c i a l a n d l e g a l e n v i r o n m e n t s . I n o r d e r t o 
u n d e r s t a n d t h e n a t u r e o f t h e s h i p b o a r d t a s k s , t o g e t h e r w i t h 
t h e s k i l l s a n d k n o w l e d g e r e q u i r e d t o e x e c u t e t h e m 
e f f e c t i v e l y , a n a l y t i c a l t o o l s h a v e b e e n d e v e l o p e d t o 
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c o l l e c t a n d i n t e r p r e t d a t a . 
C h a p t e r 2 p r e s e n t s a r e v i e w o f t h e a v a i l a b l e 
l i t e r a t u r e r e g a r d i n g t h e e n v i r o n m e n t s i n w h i c h s h i p s 
o p e r a t e t o g e t h e r w i t h a r e s u m e o f t h e l i t e r a t u r e r e l a t i n g 
t o s o c i o l o g i c a l i s s u e s a b o a r d s h i p s . T h e l i t e r a t u r e w i t h 
r e s p e c t t o work a n a l y s i s i s a l s o c r i t i c a l l y r e v i e w e d f o r 
i t s r e l e v a n c e a n d a p p l i c a b i l i t y t o t h i s p a r t i c u l a r r e s e a r c h 
f i e l d . T h e c o n c l u s i o n s d r a w n f r o m t h e l i t e r a t u r e r e v i e w a r e 
t h a t , i n o r d e r t o s u r v i v e , t h e B r i t i s h m e r c h a n t f l e e t m ust 
r e s t r u c t u r e i t s s h i p s ' c r e w s t o p r o d u c e I n t e g r a t e d 
p r o f e s s i o n a l w o r k f o r c e s . E m e r g i n g f r o m t h e l i t e r a t u r e i s 
t h e c o n c e p t o f m a t r i x m a n n i n g w h i c h many a u t h o r s a d v a n c e a s 
t h e i d e a l m a n n i n g s t r u c t u r e . C h a p t e r 2 c o n t a i n s a 
d e s c r i p t i o n o f m a t r i x m a n n i n g a s p r o p o s e d b y H e r b s t a n d 
Roggema & S m i t h . T h i s t h e s i s e x a m i n e s t h e t e c h n i c a l 
v i a b i l i t y o f t h e a d o p t i o n o f m a t r i x m a n n i n g by m e ans o f 
i d e n t i f y i n g , o b s e r v i n g a n d a n a l y z i n g t h e p e r f o r m a n c e o f t h e 
f u n c t i o n s n e c e s s a r y f o r t h e o p e r a t i o n o f m o d e r n m e r c h a n t 
v e s s e l s . 
C h a p t e r 3 d r a w s on t h e l i t e r a t u r e r e v i e w t o p r o d u c e 
a n a n a l y t i c a l t o o l w h i c h , i t i s a r g u e d , e n a b l e s 
i d e n t i f i c a t i o n a n d m e a s u r e m e n t o f t h e n e c e s s a r y s h i p 
f u n c t i o n s . I t i s f u r t h e r a r g u e d t h a t t h e t o o l w i l l a l l o w 
c o n c l u s i o n s t o be d r a w n a s t o t h e t e c h n i c a l v a l i d i t y o f 
m a t r i x m a n n i n g a s a n o r g a n i z a t i o n a l s t r u c t u r e f o r s h i p 
o p e r a t i o n s . 
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C h a p t e r 4 d e s c r i b e s t h e c o l l e c t i o n o f d a t a a b o a r d 
s h i p d u r i n g a p i l o t s t u d y . T h e p r o b l e m s e n c o u n t e r e d a n d 
t h e i r s o l u t i o n s a r e p r e s e n t e d . T h e f i n a l m e t h o d o l o g y f o r 
s h i p b o a r d d a t a c o l l e c t i o n i s d e t a i l e d . F i n a l l y a d i s c u s s i o n 
i s g i v e n a s t o t h e r e a s o n i n g b e h i n d t h e s e l e c t i o n o f t h e 
s a m p l e o f s h i p t y p e s o b s e r v e d d u r i n g t h e c o u r s e o f t h e 
r e s e a r c h . 
C h a p t e r 5 c o n t a i n s t h e r e s u l t s o f t h e r e s e a r c h . T h e 
d a t a c o l l e c t e d a r e a n a l y z e d f o r t h e i r s u p p o r t o f t h e 
p r i n c i p l e o f m a t r i x m a n n i n g . T h e r e s u l t s s h o w t h a t t h e r e 
a r e t h r e e t e c h n i c a l l y d i f f e r e n t c l a s s e s o f s h i p s a n d t h a t 
t h e s e d i s t i n c t i o n s m u s t be r e f l e c t e d i n a n y i n n o v a t i v e 
m a n n i n g s y s t e m . C o n c e p t s a n d m e a s u r e s o f f u n c t i o n a l 
s i g n i f i c a n c e a n d c o m p l e x i t y a r e i n t r o d u c e d . T h e s e a r e u s e d 
t o s u p p o r t t h e a r g u m e n t t h a t t h e r e e x i s t two l e v e l s o f 
f u n c t i o n a l p e r f o r m a n c e a b o a r d s h i p s . T h e f u n c t i o n s a t t h e 
h i g h e s t l e v e l may be a s s i g n e d t o p r i m a r y r o l e o p e r a t o r s a n d 
t h e r e m a i n i n g f u n c t i o n s d i v i d e d b e t w e e n t h e r e m a i n i n g 
o p e r a t o r s t o f u l f i l l a s p a r t o f t h e i r s e c o n d a r y r o l e s . T h i s 
a l l o c a t i o n o f f u n c t i o n s i s e s s e n t i a l t o t h e t e c h n i c a l 
v a l i d i t y o f t h e i n t r o d u c t i o n o f m a t r i x m a n n i n g . 
C h a p t e r 6 d r a w s on t h e r e s u l t s o f c h a p t e r 5 t o 
s u p p o r t t h e v a l i d i t y o f m a t r i x m a n n i n g a s a t e c h n i c a l l y a n d 
o p e r a t i o n a l l y p o s s i b l e m e t h o d o f m a n n i n g s h i p s . T h e 
c o n c e p t s o f s i g n i f i c a n c e a n d c o m p l e x i t y a r e g e n e r a l i s e d a n d 
a b s t r a c t e d t o d e m o n s t r a t e t h a t manpower t h e o r i e s a r e two 
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d i m e n s i o n a l r a t h e r t han the l i n e a r s y s t e m s of c u r r e n t 
t h e o r y . F i n a l l y a r e a s f o r f u r t h e r r e s e a r c h a r e l i s t e d and 
d e s c r 1 bed. 
Ph.D. T H E S I S Page 
2, LITERATURE REVIEW 
2 . L. I X E R A T U R E R E V l E W 
The o b j e c t of t h e r e s e a r c h programme i s to o b t a i n 
d a t a on the s k i l l s and knowledge r e q u i r e d t o p e r f o r m the 
n e c e s s a r y f u n c t i o n s a b o a r d s h i p s . T h i s e n t a i l s , i n i t i a l l y , 
a r e v i e w of the l i t e r a t u r e i n t h e f o l l o w i n g a r e a s : 
<a> T h a t r e l a t i n g t o s h i p b o a r d o r g a n i z a t i o n and 
s o c i a l s t r u c t u r e . 
<b) T h a t r e l a t i n g t o t h e e n v i r o n m e n t w i t h i n w h i c h 
s h i p s o p e r a t e . 
<C) T h a t r e l a t i n g t o J o b / t a s k and a s s o c i a t e d s k i l l s 
ana 1 y s l s . 
The r e s u l t s of t h e l i t e r a t u r e s e a r c h e s a r e d e s c r i b e d 
s e p a r a t e l y and t h e s y n t h e s i s of t h e r e s u l t s i s p r e s e n t e d i n 
C h a p t e r 3 where t h e development of t h e s k i l l s a n a l y s i s 
t e c h n i q u e i s d e s c r i b e d . 
g . l SHIPBOARD ORGANISATION AND SQCIAL STRUCTURE 
T h i s s e c t i o n draws on t h e a v a i l a b l e l i t e r a t u r e t o 
s u p p o r t an argument t h a t t h e s h i p p i n g I n d u s t r y i s b e i n g 
f o r c e d t o r e d u c e manpower and t h a t t h i s i s b e i n g a c h i e v e d 
by i m p l e m e n t i n g new t e c h n o l o g y and r e o r g a n i z i n g l a b o u r 
r e s o u r c e s . 
Many a u t h o r s have s t a t e d t h a t , w h e r e a s i t used t o be 
a l a b o u r i n t e n s i v e i n d u s t r y , s h i p p i n g i s now ( e s p e c i a l l y i n 
the West) a c a p i t a l i n t e n s i v e i n d u s t r y . W a l l <1980. p. 155) 
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makes t h i s p o i n t and, i n p a r t i c u l a r , s t r e s s e s t h a t c a p i t a l 
I n v e s t m e n t per employee i s l a r g e and r i s i n g , M c C o n v l l l e 
<1979, p.39) s t a t e s t h a t an i m p o r t a n t r e a s o n f o r t h e 
r e d u c t i o n i n l a b o u r i n t e n s i t y i s ' t h e l o s s of the l a b o u r 
i n t e n s i v e p a s s e n g e r t r a d e * . M c C o n v i l l e , i n t h e same paper 
( p . 4 4 ) , e m p h a s i s e s t h a t i n c r e a s i n g a p p l i c a t i o n of 
t e c h n o l o g y i s i n c r e a s i n g t h e i n t e n s i t y of c a p i t a l i s a t i o n . 
Moreby C1975, pp. 14-15) a r g u e s t h a t i t i s p r o b a b l e t h a t 
s h i p p i n g has a l w a y s been a c a p i t a l i n t e n s i v e I n d u s t r y , 'but 
t h e e v i d e n c e s u g g e s t s t h a t i t s c a p i t a l i n t e n s i t y i s 
I n c r e a s i n g * . Moreby p u r s u e s t h e t o p i c of c a p i t a l i s a t i o n to 
i n c l u d e c a p i t a l c h a r g e s a s opposed to c a p i t a l c o s t s . By 
t h i s i s meant t h e c o s t of f i n a n c e f o r t h e p u r c h a s e of a 
s h i p . He c l a i m s t h a t * c a p i t a l c h a r g e s and i n t e r e s t r a t e s 
may form t h e major p r o p o r t i o n o f o v e r a l l c o s t s . ' T h i s 
i n t e n s i t y of c a p i t a l i s a t i o n h a s f o r c e d t h e need f o r 
r e d u c t i o n s i n o v e r a l l c o s t s and T a k u y a O t o n a r i <1980, p.28) 
h a s i d e n t i f i e d t h r e e main c o s t r e d u c t i o n a i m s of 
d e v e l o p m e n t s i n m a r i n e t e c h n o l o g y : -
<a) To r e d u c e l a b o u r c o s t s 
<b) To r e d u c e e n e r g y c o s t s 
<c) To r e d u c e p o l l u t i o n 
Takuya O t o n a r i p o s e s a s o l u t i o n to c o s t r e d u c t i o n 
p r oblems by d r a m a t i c c r e w r e d u c t i o n . However he 
a c k n o w l e d g e s t h a t c r e w r e d u c t i o n s I n v o l v e a l t e r a t i o n s t o 
t r a i n i n g , a change i n t h e p o t e n t i a l h a z a r d posed by a s h i p 
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and a need f o r r e t h i n k i n g a s to where r e s p o n s i b i l i t y f o r 
s a f e t y may t r u l y l i e . 
Sagen (1984, p.17) r e c o g n i s e s t h e new i n d u s t r i a l 
r e v o l u t i o n and s p e a k s of t h e impact of a d v a n c e d a u t o m a t i o n 
and m i c r o e l e c t r o n i c s on s h i p s . He ' b e l i e v e s t h a t i t I s 
c l e a r l y d e m o n s t r a t e d t h a t t h e s h i p p i n g i n d u s t r y i s f a c e d 
w i t h r e c o n s t r u c t i o n of a somewhat f o r m i d a b l e c h a r a c t e r and 
i n t e n s i t y ' . I n p o s t u l a t i n g s o l u t i o n s to t h e p r o b l e m s of 
r e c o n s t r u c t i o n he i d e n t i f i e s t h r e e a r e a s of s h i p p i n g 
p r a c t i c e , s i m i l a r to t h o s e o f T a k u y a O t o n a r i , and which 
r e q u i r e 1mprovement: — 
<a) T e c h n i c a l improvement - To r e d u c e e n e r g y 
and l a b o u r c o s t s . 
<b) Use o f e n e r g y - To r e d u c e e n e r g y c o s t s 
and p r e v e n t p o l l u t i o n . 
<C) C o m m u n i c a t i o n s - To i mprove o v e r a l l 
management 
Sagen (1984, p. 17) w h i l s t d w e l l i n g a t l e n g t h on 
t e c h n i c a l s o l u t i o n s , n e v e r t h e l e s s makes t h e I m p o r t a n t p o i n t 
t h a t ' t h e r i g h t c o m b i n a t i o n o f t e c h n o l o g y and p e o p l e a r e 
t h e key to s u c c e s s f u l s h i p o p e r a t i o n s ' . 
Menzies-Wi I s o n (1983a, p. 102) w r i t e s t h a t t h e 
' r e l a t i o n s h i p s between t h e c o s t s of l a b o u r , c a p i t a l , f u e l 
and h a r d w a r e have s h i f t e d . T h i s , t o g e t h e r w i t h s p i r a l l i n g 
i n f l a t i o n and wages, means t h a t c h a n g e s I n manning 
a r r a n g e m e n t s have become i n e v i t a b l e . ' M e n z l e s - W i I s o n 
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expands the a r e a s of needed c h a n g e i n t o f o u r i n t e i — r e l a t e d 
a r e a s : -
<a> T e c h n o l o g i c a l 
(b> Organ i z a t iona1 
<c> M a n a g e r i a l 
(d> S o c i a l and l i v i n g c o n d i t i o n s 
Many w r i t e r s have d i s c u s s e d t h e l i k e l y t e c h n o l o g i c a l 
a d v a n c e s i n s h i p p i n g . Sagen (1984, p. 18) i n h i s 
c o m p r e h e n s i v e paper l i s t s t h e a r e a s of t e c h n o l o g i c a l 
advancement which, he c l a i m s , w i l l s a v e l a b o u r and r e n d e r 
s h i p s more r e l i a b l e : 
* Use of m a t e r i a l s w i t h i n c r e a s e d f u n c t i o n a l or 
m a i n t e n a n c e r e d u c i n g e f f e c t . 
* I n c r e a s e d u s e o f i n s t r u m e n t a t i o n and a u t o m a t i o n w h i c h 
i m p r o v e s m o n i t o r i n g and t h e r e b y i n c r e a s e s o p e r a t i n g 
r e l i a b i l i t y and s a f e t y . 
* G r e a t e r e f f i c i e n c y I n c a r g o h a n d l i n g and s t o r a g e . 
* I n v e s t m e n t i n d e s i g n , equipment and o p e r a t i o n a l s y s t e m s 
t h a t o p t i m i s e f u e l economy. 
* E r g o n o m i c a l c o n s i d e r a t i o n s i n c o r p o r a t e d i n t h e d e s i g n 
of t h e s h i p . 
* I n v e s t m e n t i n l a b o u r - s a v i n g a i d s t h a t r e d u c e o r l i g h t e n 
t h e need f o r manual o p e r a t i o n . 
* I n t r o d u c t i o n of e f f i c i e n t and more h u m a n - o r i e n t e d 
methods i n o r g a n i z a t i o n of work and j o b s a t i s f a c t i o n . 
* I n c r e a s e d o p e r a t i o n a l s a f e t y and c a r g o s e r v i c e , 
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a c c e s s i b i l i t y to i n f o r m a t i o n and i n f o r m a t i o n p r o c e s s i n g 
by i n v e s t m e n t s i n c o m m u n i c a t i o n equipment. 
* U p g r a d i n g t h e management f u n c t i o n s a t t h e s h i p p i n g 
o f f i c e t hrough i n c r e a s e d u s e of s y s t e m a n a l y s i s and 
modern p l a n n i n g t e c h n i q u e s , u s e of e l e c t r o n i c d a t a 
p r o c e s s i n g CEDP) a s a management t o o l , e t c . ' 
Smit & P i j c k e C1984, pp.66-68) do not l i s t the many 
a d v a n c e s i n t e c h n o l o g y w i t h t h e same d e t a i l a s Sagen but 
t h e y i n d i c a t e t h a t t h e s e t e c h n o l o g i c a l a d v a n c e s w i l l r e s u l t 
i n y e t more s p e c i a l i z e d s h i p s s e r v i n g s p e c i a l s e c t o r s of 
t h e s h i p p i n g i n d u s t r y . 
Y a s u m i c h i K o l s h i (1981, p.262) d e f i n e d t h e t e c h n o l o g i c a l 
s t r u c t u r e of human a c t i v i t i e s a b o a r d s h i p a s ' t h e s t r u c t u r e 
of d i s t r i b u t i n g t a s k s and f u n c t i o n s f o r t h e a c h i e v e m e n t of 
b u s i n e s s g o a l s ' . A f t e r h i s i n v e s t i g a t i o n s a b o a r d a 
J a p a n e s e v e s s e l , the 'Hakonesan Maru', he d e t e r m i n e d t h a t 
f u r t h e r s t u d y was needed I n o r d e r t o r e f o r m t h e 
t e c h n o l o g i c a l s t r u c t u r e namely ' t h a t t h e work a s t h e 
b u s i n e s s of o p e r a t i n g s h i p s c a n be u n d e r s t o o d a s t h e s y s t e m 
composed o f man, machine, and m a t e r i a l , and I t w i l l become 
i m p o r t a n t i n f u t u r e to a n a l y s e , e v a l u a t e , and d e s i g n t h e 
s y s t e m ' . He c o n t i n u e d t o e n u m e r a t e 8 p o i n t s of 
t e c h n o l o g i c a l a d v a n c e w h i c h he had s u m m a r i z e d "from an 
o r i g i n a l l i s t of 132 : 
1. S t r u c t u r a l r e o r g a n i z a t i o n , i n c l u d i n g t h e h e a d o f f i c e . 
2. The i n t r o d u c t i o n of e f f e c t i v e l a b o u i — s a v i n g equipment 
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and m a t e r i a l s . 
3. The improvement and s t a n d a r d i z a t i o n of w o r k i n g 
p r o c e d u r e s . 
4. S i m p l i f i c a t i o n of c l e r i c a l s y s t e m s ( i n c l u d i n g 
p r o c e d u r e s f o r r e p o r t s ) . 
5. The e s t a b l i s h m e n t of p r e v e n t a t i v e m a i n t e n a n c e s y s t e m s . 
6. C e n t r a l i z e d c o n t r o l of t h e s u p p l y of m a t e r i a l s . 
7. R e s h u f f l i n g o f o r g a n i z a t i o n and j o b d i s t r i b u t i o n 
8. The e l i m i n a t i o n o f p o t e n t i a l h a z a r d s . 
O t h e r a u t h o r s have e x p l a i n e d how t h e s e t e c h n o l o g i c a l 
c h a n g e s w i l l l e a d t o t h e need f o r a more h i g h l y s k i l l e d 
w o r k f o r c e . Henry <1982, pp.124-125) c l a i m s t h a t ' t h e 
c o m p l e x i t y of s h i p b o a r d s y s t e m s w i l l s t e a d i l y expand, 
r e q u i r i n g an a ccompanying i n c r e a s e i n t h e e d u c a t i o n and 
t e c h n i c a l s o p h i s t i c a t i o n n e c e s s a r y on t h e p a r t of t h e 
m a r i n e p r o f e s s i o n a 1 * , Henry, I n h i s s e a r c h f o r ways to 
i m p a r t t h i s e x p e r t i s e , r e l i e s h e a v i l y on t h e u s e of m a r i n e 
s i m u l a t i o n t e c h n i q u e s . To s u p p o r t h i s r e l i a n c e on 
s i m u l a t o r s Henry c l a i m s i n an a m u s i n g a s i d e t h a t *Time a t 
s e a i s t r a d i t i o n a l l y thought of a s " 9 9 % boredom, 1% s t a r k 
t e r r o r . " The s i m u l a t o r w i l l e n a b l e t r a i n e e s t o c o n c e n t r a t e 
on t h e 1% s t a r k t e r r o r . ' 
K oburger (1984, p. 11) s t a t e s t h a t i n c r e a s e s i n 
t e c h n o l o g y w i l l l e a d t o r e d u c e d manning and " e v e r y man w i l l 
have to do more, and what he does do w i l l be i n t e l l e c t u a l l y 
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more s t i m u l a t i n g . He w i l l not c h i p p a i n t e n d l e s s l y . He w i l l 
be p r i m a r i l y e i t h e r a n a v i g a t o r or an e n g i n e e r , w i t h enough 
c r o s s - t r a i n i n g to a l l o w e a c h to s t a n d i n f o r s h o r t p e r i o d s 
f o r the o t h e r . ' He c o n t i n u e s 'He w i l l be c h a l l e n g e d a l l 
day, e v e r y day*. Koburger a l s o d e s c r i b e s e f f e c t s of 
t e c h n o l o g y on t h e s h i p s t h e m s e l v e s a s f o r c i n g them to 
become ' l a r g e r and w i t h e v e r more d a n g e r o u s c a r g o e s , 
c o n s t i t u t i n g major t h r e a t s to t h e s a f e t y o f a p o r t , to 
o t h e r s h i p s , t o s h o r e s i d e f a c i l i t i e s , t o t h e s u r r o u n d i n g 
p o p u l a t i o n , to the q u a l i t y of l i f e . I t I s no l o n g e r j u s t 
the s h i p i t s e l f , h e r crew, p a s s e n g e r s and c a r g o t h a t i s 
1nvo1ved.' 
M c C o n v i l l e (1979, p.44) w h i l e d e s c r i b i n g and 
e x p l a i n i n g t h e r e d u c i n g numbers of s e a f a r e r s w i t h i n t h e 
B r i t i s h merchant f l e e t warns t h a t 'even t h i s m o d i f i e d 
p i c t u r e of d e c l i n i n g manpower o v e r l o o k s t h e f a c t t h a t t h e 
UK. s h i p p i n g I n d u s t r y w i l l i n c r e a s i n g l y demand a 
q u a l i t a t i v e l y d i f f e r e n t l a b o u r f o r c e from what I s g e n e r a l l y 
r e g a r d e d a s t h e t r a d i t i o n a l s e a f a r e r ' . 
New s h i p b o a r d o r g a n i z a t i o n a l s t r u c t u r e s have been 
proposed by many w r i t e r s I n t h e f i e l d . The c o n s e n s u s of 
o p i n i o n a p p e a r s to be t h a t an i n t e g r a t e d p r o f e s s i o n a l 
w o r k f o r c e , by w h i c h i s meant a c r e w w h i c h I s c a p a b l e of 
p e r f o r m i n g i n u n i s o n t o w a r d s a common g o a l , I s the most 
v i a b l e l o n g term s o l u t i o n . Henry <1982, p. 1 2 5 ) , i n a p a p e r 
e x p l o r i n g t h e n a t u r e of human e r r o r s a t s e a , p r e d i c t s t h a t . 
Ph.D. T H E S I S Page 14 
2. LITERATURE REVIEW 
w i t h i n c r e a s e d t e c h n o l o g y , ' p a r t i c i p a t o r y management by t h e 
c rew w i l l grow and w i l l e r o d e t h e t r a d i t i o n a l d i s t i n c t i o n 
between o f f i c e r s and r a t e d c r e w members. I n c r e a s e d e m p h a s i s 
on s h i p b o a r d e q u a l i t y and g r e a t e r c r e w m o t i v a t i o n and 
s t a b i l i t y w i l l l e a d to a r e d u c t i o n I n t h e h i g h c r e w 
t u r n o v e r r a t e . ' 
I n a p l e a f o r b e t t e r u t i l i s a t i o n of manpower 
r e s o u r c e s a t s e a Hunter (1982, p.2) c l a i m s t h a t ' t h e 
manning l e v e l s e x p e r i e n c e d nowadays, and t h o s e r e q u i r e d i n 
t h e f u t u r e , w i l l n e c e s s i t a t e t h e t o t a l I n t e g r a t i o n of t h e 
w o r k f o r c e a b o a r d a v e s s e l , r e l e a s i n g t h o s e much of whose 
time i s s p e n t i n a s u p e r v i s o r y c a p a c i t y of one s o r t o r 
a n o t h e r . T h i s would be u n a c c e p t a b l e u n l e s s e v e r y o n e on 
board a v e s s e l was a p r o f e s s i o n a l i n h i s own r i g h t , had t h e 
same s e n s e of r e s p o n s i b i l i t y and t h e same commitment to t h e 
c o m m e r c i a l s u c c e s s of t h e voyage i n p r o g r e s s . ' H u n t e r 
c o n t i n u e s t o e x p l a i n how modern t e c h n o l o g y and a u t o m a t i o n 
may be a d a p t e d and u s e d to s e r v e a s m a l l , c o h e s i v e , 
p r o f e s s i o n a l team, and t h a t t h i s must be t h e optimum method 
of u t i l i s i n g manpower a t s e a i n t h e s a f e s t and most 
e f f i c i e n t way. 
Moreby (1975, p.67) l o o k s e v e n d e e p e r i n t o t h e 
s u b j e c t of s h i p b o a r d o r g a n i z a t i o n and, f o l l o w i n g from 
H e r b s t (1968 & 1 9 6 9 ) , s u g g e s t s t h a t t h e b a s i c d e s i g n 
v a r i a b l e a f f e c t e d by modern t e c h n o l o g y i s t h e a l l o c a t i o n of 
t a s k s between the s h i p and t h e s h o r e . The l e v e l of s k i l l s 
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r e q u i r e d to be h e l d a b o a r d w i l l v a r y d e p e n d i n g upon t h i s 
a l l o c a t i o n . He s u g g e s t s t h a t i t i s p o s s i b l e t o have a r a n g e 
of manning s t r u c t u r e s r a n g i n g from a permanent f u l l -
complement c r e w to a s m a l l permanent c r e w augmented by 
t r a n s i e n t m a i n t e n a n c e teams. Moreby s u g g e s t s t h a t the 
a l l o c a t i o n of t a s k d e c i s i o n w i l l have d i r e c t e f f e c t s upon : 
1. the e x t e n t to w h i c h t h e s h i p b o a r d t a s k s p r o v i d e 
c o n d i t i o n s f o r autonomy and s e l f r e g u l a t i o n ; 
2. the c o m m u n i c a t i o n r e q u i r e m e n t s between s h i p and- s h o r e ; 
3. the p o s s i b l e a l t e r n a t i v e work r o l e s and s o c i a l 
s t r u c t u r e s ; 
4. the p o s s i b l e a l t e r n a t i v e c a r e e r s t r u c t u r e s f o r 
i n d i v i d u a l s ; and 
5. the h i e r a r c h i c a l and d e p a r t m e n t a l s t r u c t u r e on board. 
Smi t h & Roggema (1980a, pp.250-252) i n an i m p o r t a n t 
s e r i e s of p a p e r s make a p l a u s i b l e argument f o r t h e 
I n c e p t i o n of a m a t r i x t y p e of o r g a n i z a t i o n . T h i s 
e f f e c t i v e l y c o m p r i s e s a s h i p m a t r i x o f p e r s o n n e l s k i l l s on 
one a x i s and r e q u i r e d t a s k s on t h e o t h e r a x i s . The t a s k s 
a r e performed by an I n d i v i d u a l or group w h i c h have t h e 
r e q u i r e d s k i l l s . S m i t h & Roggema c l a i m t h a t t h i s s t r u c t u r e 
c a n accommodate the d i f f e r i n g w o r k l o a d s a t d i f f e r e n t s t a g e s 
of t h e voyage. The e s s e n t i a l f e a t u r e o f t h e o r g a n i z a t i o n i s 
t h a t i t d i s p o s e s of t h e t r a d i t i o n a l h i e r a r c h i e s of c r e w 
members. T h i s removal of o f f i c e i — r a t i n g b a r r i e r s h a s been 
put f o r w a r d by Henry ( 1 9 8 2 ) , a s p r e v i o u s l y quoted, where he 
Ph.D. THESIS Page 16 
2. LITERATURE REVIEW 
p r o p o s e s p a r t i c i p a t o r y management w h i c h w i l l e r o d e 
t r a d l t i o n a l b a r r i e r s . 
Hunter <1982, p,2) a g r e e s w i t h t h e r e m o v a l of t h e s e 
b a r r i e r s but p r o p o s e s a p r a c t i c a l r o u t e to t h e a c h i e v e m e n t 
of n o n - h i e r a r c h i c a l s h i p s . He recommends a h i g h e r s t a n d a r d 
of new e n t r a n t i n t o t h e p r o f e s s i o n t h u s r a i s i n g t h e r a t i n g s 
to t h e s t a n d a r d of o f f i c e r s . Henry (1982, p. 125). w h i l e 
w r i t i n g p r i m a r i l y about t h e U.S. e x p e r i e n c e , d e t e c t s t h a t 
' i m p r o v i n g t h e q u a l i t y of t h e U.S. seaman I s a t a s k t h a t 
w i l l r e c e i v e e m p h a s i s i n t h e 1980's' 
M a n a g e r i a l i s s u e s h a v e a l s o been a d d r e s s e d by many 
w r i t e r s and the e f f e c t s of c o m m u n i c a t i o n t e c h n o l o g y have 
been c i t e d a s a v e r y i m p o r t a n t f a c t o r . Sagen (1984, p. 20) 
s t a t e s t h a t ' I t i s t h r o u g h t h e development of m a r i t i m e 
c o m m u n i c a t i o n s t h a t we c a n r e a l i z e i n t e g r a t e d , a d v a n c e d 
s h i p o p e r a t i o n a i d e d by d a t a . The key f a c t o r I s d a t a 
p r o c e s s i n g a s an o p e r a t i o n a l a i d . ' 
Mackay (1980, p.11) d i s c u s s i n g s h i p management of t h e 
f u t u r e s t a t e s t h a t a d v a n c e d c o m m u n i c a t i o n s w i l l 
•have t h e r e s u l t o f b r i n g i n g t h e s h i p c l o s e r t o t h e head 
o f f i c e , or t h e head o f f i c e c l o s e r t o t h e s h i p d e p e n d i n g 
on whether one i s s i t t i n g i n head o f f i c e o r on the s h i p . 
From t h e s h i p ' s p o i n t of v i e w t h i s w i l l e n a b l e i t t o ask 
f o r I n f o r m a t i o n t o h e l p p r e p a r e b u d g e t s , c o n s i d e r 
a l t e r n a t i v e c o u r s e s of a c t i o n and make I t e a s i e r t o a c t 
a s an independent u n i t a b l e to t a k e t h e i n i t i a t i v e . On 
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the o t h e r hand, from t h e head o f f i c e p o i n t of view, 
c o n t a c t i n g a s h i p w i l l be no d i f f e r e n t from h a v i n g to 
c o n t a c t someone i n the same b u i l d i n g and, hence, t h e r e 
c o u l d be a g r e a t t e m p t a t i o n on t h e p a r t of head o f f i c e to 
ask the s h i p f o r i n f o r m a t i o n t o e n a b l e p e r s o n s i n the 
o f f i c e t o make a l l but t h e most t r i v i a l d e c i s i o n s . ' 
M c C o n v i l l e (1979, p.45) e m p h a s i s e s t h a t management h a s 
t r a d i t i o n a l l y been s p l i t i n t o c o m m e r c i a l management a s h o r e 
and man management a f l o a t . B o t h Moreby and Sagen p u r s u e 
t h i s p o i n t and i n d i c a t e t h e wide c h o i c e a v a i l a b l e to 
s h i p o w n e r s and f l e e t managers a l o n g an a x i s r a n g i n g from 
extreme c e n t r a l i z a t i o n t o e x t r e m e d e c e n t r a l i z a t i o n . Moreby 
(1986, s e c t i o n 5) s t a t e s t h a t o r g a n i z a t i o n a l c h o i c e i n t h i s 
a r e a h a s a major e f f e c t on t h e s k i l l s and knowledge 
r e q u i r e d a b o a r d a p a r t i c u l a r s h i p . He c i t e s 15 d i f f e r e n t 
c r e w i n g s t r u c t u r e s w h i c h h a v e been o b s e r v e d and i n d i c a t e s 
the v a r i a t i o n s i n s h i p b o a r d knowledge and s k i l l s r e q u i r e d 
f o r e f f e c t i v e p e r f o r m a n c e . 
S o c i a l and l i v i n g c o n d i t i o n s a b o a r d s h i p s have been 
the s u b j e c t s of many t e x t s . R e c r u i t m e n t and r e t e n t i o n of 
s e a f a r e r s were major p r o b l e m s i n t h e 1960's w i t h a r a p i d l y 
e x p a n d i n g f l e e t and were c a r e f u l l y examined by Moreby 
(1968, pp 118- 1 2 5 ) . However, toda y t h e p r o b l e m a p p e a r s to 
be not so much one of r e c r u i t m e n t but more a p r o b l e m of 
e n s u r i n g c r e w s t a b i l i t y t h r o u g h p r o v i d i n g j o b s a t i s f a c t i o n . 
S m i t h & Roggema (1979a, p.130) p r e s e n t a l o n g and i n f o r m e d 
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argument i n f a v o u r of i n c r e a s e d c r e w s t a b i l i t y . They c i t e 
two forms of s t a b i l i t y : 
1. The same p e r s o n s c o n t i n u a l l y b e i n g r e a p p o i n t e d t o t h e 
same s h i p and 
2. The same p e r s o n s b e i n g a p p o i n t e d , a s a group, to 
d i f f e r e n t s h i p s . 
I n e i t h e r c a s e S m i t h & Roggema m a i n t a i n t h a t 
s t a b i l i t y c a u s e s a n e t i n c r e a s e i n o r g a n i z a t i o n a l 
competence. R e c r u i t m e n t h a s c e a s e d t o be a m a j o r . p r o b 1 e m 
due to t h e g e n e r a l l e v e l of unemployment a s h o r e and c r e w 
s t a b i l i t y i s e n c o u r a g e d to cope w i t h t h e i n c r e a s i n g 
t e c h n i c a l c o m p l e x i t i e s a b o a r d s h i p s . 
The s t r e s s f u l n a t u r e of s e a f a r i n g i s examined by many 
a u t h o r s and c a r e f u l s o c 1 o - t e c h n 1 c a 1 d e s i g n h a s been 
a d v o c a t e d t o r e d u c e s t r e s s . J o h a n s e n C1980, p.223) 
I d e n t i f i e s s t r e s s a s b e i n g c a u s e d by a s u b s t a n t i a l 
i m b a l a n c e between t h e t a s k and t h e s e a f a r e r ' s a b i l i t y o r 
means t o p e r f o r m t h a t t a s k . He d r a w s on t h e work o f H e r b s t 
(1974, p4) t o d e s c r i b e how c r e w p e r f o r m a n c e I s a f f e c t e d by 
both t h e t e c h n i c a l and s o c i a l s y s t e m s . He f u r t h e r 
e m p h a s i s e s t h a t t h e s o c i a l s y s t e m i s b a s e d upon the 
r e q u i r e m e n t s of the t e c h n i c a l s y s t e m and t h a t i m b a l a n c e d 
a l t e r a t i o n s t o e i t h e r s y s t e m w i l l p r o d uce d y s f u n c t i o n a l 
r e s u l t s . T h i s i s shown i n f i g u r e 2.1. 
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TECHNOLOGICAL 
SYSTEM 
SOCIAL STRUCTURE OF 





PERFORMANCE : QUALITY 
AND/OR QUANTITY 
EFFECT OF TECHNICAL & SOCIAL SYSTEMS ON CREW PERFORMANCE 
Figure 2.1 
P i a t t e l l i and S o n c i n <1977, p p . 8 9 - 9 1 ) , i n a p a p e r on 
t h e e f f e c t s on human o p e r a t o r s of d i s p e r s e d a u t o m a t i o n 
aboard s h i p s , a r g u e t h a t t h e s t r e s s e d human o p e r a t o r * I s 
t h e main s o u r c e of s e a a c c i d e n t s . ' They a d v o c a t e h i s 
removal i n a l l but t h e most n e c e s s a r y i n s t a n c e s . They r e f e r 
t o t h e human o p e r a t o r a s p e r f o r m i n g I n t h r e e p h a s e s : 
1. S u r v e i l l a n c e ( a c q u i s i t i o n of d a t a ) ; 
2. D e c i s i o n making ( o p t i m a l c h o i c e s t r a t e g y f o r 
i n t e r v e n t i o n ) ; 
3. C o n t r o l a c t i o n C e r r o i — f r e e o r d e r e x e c u t i o n ) . 
Kaufman & M i t c h e l l <1982, p.4) c l a i m t h a t t r a i n i n g i s 
p r o v i d e d f o r s i t u a t i o n s w h i c h e x i s t and w i l l c o n t i n u e t o 
e x i s t . However I n t h e ' r e a l w o r l d ' t h e u n e x p e c t e d 
f r e q u e n t l y o c c u r s . Thus Henry (1982, p. 125) c a l l s f o r an 
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i n c r e a s e i n s i m u l a t i o n t r a i n i n g f o r t h e s e dynamic 
s i t u a t i o n s w h i c h c a u s e t h e m a r i n e r s t r e s s . S t r e s s I s a l s o 
i n t r o d u c e d by t h e n e c e s s i t y to m a i n t a i n a 24 hour watch 
c a p a b i l i t y and t h i s h a s been examined t h o r o u g h l y by 
Colquhoun (1985, pp.637-653). 
A major theme w h i c h r u n s t h r o u g h t h e l i t e r a t u r e i s 
the c o n s t a n t 1 n t e r c o n n e c t e d n e s s of t e c h n o l o g i c a l , 
o r g a n i z a t i o n a l , m a n a g e r i a l , and s o c i a l i s s u e s a b o a r d s h i p s . 
Many w r i t e r s e m p h a s i s e t h e p o i n t t h a t t h e i n t r o d u c t i o n of 
new t e c h n o l o g y must be complementary to t h e p e o p l e who 
o p e r a t e i t . Sagen (1984, p.19) s t a t e s t h a t ' a d v a n c e d s h i p 
o p e r a t i o n must not be a t e c h n o l o g i c a l w h i t e e l e p h a n t but a 
t y p e of s h i p of w h i c h t h e t e c h n o l o g i c a l l e v e l i s c o m p a t i b l e 
w i t h the p e o p l e who o p e r a t e i t ' . K i n g (1980, p.27) comments 
t h a t t h e w o r l d i s now engaged i n i t s s e c o n d i n d u s t r i a l 
r e v o l u t i o n . He s a y s t h a t t h e gap between our t e c h n o l o g i c a l 
a b i l i t y t o c o n t r o l and u s e t e c h n o l o g y i n a p r o p e r manner i s 
w i d e n i n g r a p i d l y . He c o n t i n u e s , ' t h e r o l e of man i n 
t e c h n o l o g i c a l s y s t e m s seems l i k e l y t o become one of t h e 
most i m p o r t a n t p r o b l e m s t h a t h a s t o be f a c e d i n t h e y e a r s 
t h a t r e m a i n t o t h e end of t h i s c e n t u r y ' . S i n g l e t o n (1974. 
p. 37) recommends t h a t t o d e s i g n a man-machine s y s t e m I t i s 
b e s t to s t a r t w i t h a f u n c t i o n a l d i a g r am. The e m p h a s i s h e r e 
i s on e n s u r i n g t h a t t e c h n o l o g i c a l a d v a n c e i s i n t r o d u c e d to 
enhance human p e r f o r m a n c e and not s i m p l y to r e p l a c e 
p e r s o n n e l w i t h m a c h i n e r y . 
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I n an i m p o r t a n t work ( H e r b s t 1974, p.48) p o s t u l a t e s 
t h a t f u t u r e s h i p s w i l l be manned by a h i g h l y s k i l l e d , 
p r o f e s s i o n a l work f o r c e c o n s i s t i n g s o l e l y o f ' o f f i c e r s ' . 
The t r a d i t i o n a l h i e r a r c h y w i l l be removed and a more 
f l e x i b l e s t r u c t u r e w i l l be i n t r o d u c e d . C o n s i d e r a b l e 
d e c e n t r a l i s a t i o n of d e c i s i o n s w i l l be t r a n s f e r r e d t o the 
s h i p i n o r d e r to c r e a t e more s a t i s f y i n g J o b s t o g e t h e r 
w i t h t h e removal of u n i m p o r t a n t r o u t i n e t a s k s by means of 
automat 1on. 
H e r b s t p r o p o s e s an h o l i s t i c , s o c 1 o - t e c h n l e a 1 v i e w of 
s h i p s w h i c h e m p h a s i s e s t h a t a s h i p i s a complex s y s t e m 
composed of both t e c h n i c a l and s o c i a l s y s t e m s o p e r a t i n g 
w i t h i n an e q u a l l y complex e n v i r o n m e n t . T h i s v i e w h a s been 
adopted by o t h e r n a t i o n s , w i t h some a p p a r e n t s u c c e s s , 
n o t a b l y J a p a n a s d e s c r i b e d by E b n e r (1980, pp.12-14), 
Takuya O t o n a r i (1980, pp.28-35) and Y a s u m i c h i K o l s h i (1981. 
pp. 2 6 1 - 2 6 6 ) . A l s o Norway h a s t a k e n t h i s v i e w a s d e s c r i b e d 
by Koburger (1982, pp.7-10) and J o h a n s e n (1980, pp.223-
2 4 0 ) . F i n a l l y t h e N e t h e r l a n d s a l s o s u p p o r t s a s o c l o -
t e c h n l c a l s y s t e m a p p r o a c h t o s h i p s a s d e s c r i b e d by 
B i n k h o r s t (1981, p p . 9 7 - 1 0 2 ) . E a c h of t h e s e a u t h o r s 
d e s c r i b e s e x p e r i m e n t s , w i t h i n h i s own n a t i o n ' s s h i p p i n g , 
where t e c h n i c a l a d v a n c e s have been i n t r o d u c e d 
c o i n c i d e n t a l l y w i t h s o c i a l c h a n g e s . 
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2.1.1 SUMMARY OF SHIPBOARD ORGANIZATION & SOCIAL STRUCTURE 
The r e v i e w of t h e l i t e r a t u r e i n t h i s s e c t i o n a r g u e s 
t h a t s h i p p i n g h a s moved from b e i n g a l a b o u r I n t e n s i v e 
i n d u s t r y t o a c a p i t a l i n t e n s i v e i n d u s t r y . T h i s s h i f t i n 
c r i t i c a l r e s o u r c e i s f o r c i n g a r e d u c t i o n i n o v e r a l l c o s t s , 
and i t i s argued t h a t l a b o u r c o s t s a r e a major i t e m i n t h i s 
r e d u c t i o n . The e x a m i n a t i o n of t h e l i t e r a t u r e r e v e a l s t h a t 
where r e d u c t i o n s I n manpower h a v e been p l a n n e d o r a t t e m p t e d 
t h e r e h a s been, of n e c e s s i t y , c h a n g e s i n both c r e w 
o r g a n i z a t i o n and a p p l i c a t i o n of t e c h n o l o g y . The argument i s 
made, s u p p o r t e d by a u t h o r i t a t i v e w r i t e r s , t h a t f o r f u t u r e 
s h i p o p e r a t i o n s a change i n s h i p b o a r d s o c i a l s t r u c t u r e i s 
r e q u i r e d which w i l l p r o v i d e an I n t e g r a t e d p r o f e s s i o n a l 
w o r k f o r c e which h a s s t a b i l i t y and where t h e t r a d i t i o n a l 
h i e r a r c h i e s a r e removed. The p o i n t I s a r g u e d t h a t to a s s i s t 
i n t h e a l l e v i a t i o n of s t r e s s t h e s o c i a l s t r u c t u r e s and 
t e c h n o l o g i c a l s t r u c t u r e s a b o a r d s h i p s must be 
complementary. A major f a c e t o f t h i s i n t e i — r e l a t i o n between 
s o c i a l and t e c h n i c a l s t r u c t u r e s i s shown a s t h e d a t a f l o w 
between t h e components. D a t a f l o w and c o m m u n i c a t i o n s a r e 
a l s o h i g h l i g h t e d by many o f t h e a u t h o r s c i t e d a s b e i n g of 
i m p o r t a n c e i n c o n s i d e r i n g t h e d i v i s i o n o f s h i p b o a r d 
management between t h e s h i p and t h e s h o r e . 
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2.2 THE ENVIRONMENT IN WHICH SHIPS OPERATE 
The a p p r o a c h t o s h i p o p e r a t i o n s u g g e s t e d by H e r b s t 
(1974, pp.45-53) and o t h e r s was to v i e w t h e o p e r a t i o n a s a 
dynamic s o c i o - t e c h n i c a 1 s y s t e m . S i n c e t h i s s y s t e m i s 
imposed upon by the s o c i a l e n v i r o n m e n t , t e c h n i c a l 
e n v i r o n m e n t , economic e n v i r o n m e n t and l e g a l e n v i r o n m e n t , i t 
i s p r oposed to examine e a c h of t h e s e i n t u r n . The 
e x a m i n a t i o n w i l l a s c e r t a i n t h e e f f e c t s of e a c h of t h e s e 
e n v i r o n m e n t s upon t h e s h i p p i n g s y s t e m a s d e t e r n ^ l n e d by 
a u t h o r i t a t i v e w r i t e r s and common themes w i l l be d e t e c t e d . 
2.2.1 ECONOMIC ENVIRONMENT 
S i n c e B r i t i s h m erchant s h i p p i n g I s a c o m m e r c i a l 
v e n t u r e , t h e economic e n v i r o n m e n t i s more dominant than 
e i t h e r the t e c h n i c a l or s o c i a l e n v i r o n m e n t s a s e x p l a i n e d by 
Moreby (1975, p.71>. T h i s i s I m p o r t a n t b e c a u s e t h o s e 
n a t i o n s w h i c h have n a t i o n a l i s e d or s u b s i d i s e d merchant 
f l e e t s may f i n d i t e a s i e r t o e x p e r i m e n t w i t h o r g a n i z a t i o n a l 
c h a n g e s when c o s t I s not s u c h an i m p o r t a n t f a c t o r a s i t i s 
i n B r i t a i n . 
P a r k e r (1984, p.23) d e m o n s t r a t e s t h a t d u r i n g a p e r i o d 
of t r a d e growth the s h i p o p e r a t o r ' s ' p r i o r i t y i s t o s u s t a i n 
growth and m a i n t a i n q u a l i t y o f s e r v i c e . I n a p e r i o d of 
r e c e s s i o n t h e p r i o r i t i e s a r e c o s t m i n i m i z a t i o n w h i l s t a l s o 
h a v i n g to I n c r e a s e t h e q u a l i t y o f s e r v i c e * . B r i t i s h 
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s h i p p i n g , w h i c h i s c u r r e n t l y s u f f e r i n g a r e c e s s i o n , 
t h e r e f o r e h a s to r e d u c e c o s t s and improve t h e q u a l i t y of 
i t s s e r v i c e s . Sagen <1984, p.17) d e s c r i b e s t h e e n v i r o n m e n t s 
a c t i n g upon s h i p p i n g a s a s e r i e s of 'pushes' and ' p u l l s ' . 
F i g u r e 2.2 shows the n e c e s s a r y c o n t r o l l i n g i n f l u e n c e w h i c h 
the economic e n v i r o n m e n t must e x e r t i n o r d e r t o b a l a n c e t h e 
c a p i t a l e x p e n d i t u r e s f o r c e d o n t o t h e s y s t e m by the o t h e r 
e n v i r o n m e n t s . A push i s a c a p i t a l e x p e n d i t u r e w h i c h i s 
f o r c e d upon a s h i p o w n e r w h e r e a s a p u l l i s a v o l u n t a r y 
e x p e n d i t u r e w h i c h i s met to e n s u r e c o n t i n u e d e x i s t e n c e i n 
the market p l a c e . F o r example a s h i p o w n e r i s o b l i g e d to 
p u r c h a s e s p e c i a l i z e d tonnage ( t a n k e r s , c o n t a i n e r v e s s e l s ) 
and f i t them w i t h minimum t e c h n i c a l r e q u i r e m e n t s ( r a d a r , 
emergency s t e e r i n g ) . He i s f o r c e d t o comply w i t h p o l l u t i o n 
c o n t r o l s and t r a f f i c r o u t e l n g schemes. He i s p r e s s u r e d i n t o 
p r o v i d i n g improved w o r k i n g c o n d i t i o n s by l a b o u r 
o r g a n i z a t i o n s , n a t i o n a l and i n t e r n a t i o n a l . However, i n 
o r d e r t o r e m a i n c o m p e t i t i v e , he may d e c i d e t o Improve t h e 
t e c h n o l o g i c a l s t a n d a r d of h i s v e s s e l s o r s p e n d more money 
on m a i n t a i n i n g h i s f l e e t . The economic e n v i r o n m e n t , the 
amount of money a v a i l a b l e , I s t h e n t h e c o n t r o l l i n g 
i n f l u e n c e w h i c h l i m i t s c a p i t a l e x p e n d i t u r e . I t i s w o r t h y of 
n o t e t h a t i n t i m e s o f l i m i t e d f i n a n c e * s u c h a s a t p r e s e n t , 
i t i s t h e 'push' e l e m e n t s w h i c h dominate and a r e s a t i s f i e d 
f i r s t . Thus ' l u x u r i e s ' s u c h a s m a i n t e n a n c e or b e t t e r 
equipment a r e d e l a y e d u n t i l a b e t t e r f i n a n c i a l c l i m a t e 
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a r r i v e s . T h e s e p u s h e s and p u l l s and t h e monetary c o n t r o l 
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Many a u t h o r s have d e t e c t e d enormous c h a n g e s i n t h e 
w o r l d t r a d i n g p a t t e r n s s i n c e t h e Second World War. F r a n k e l 
(1983, p. 15) i n a wide r a n g i n g paper d e s c r i b e s the 'mixed 
h i s t o r y * of s h i p p i n g t e c h n o l o g y . He d e s c r i b e s 'development 
i n s p u r t s w i t h f e v e r i s h a d v a n c e s o v e r s h o r t p e r i o d s of t i m e 
f o l l o w e d by l ong p e r i o d s of s t a g n a t i o n ' . Metaxas <1983, 
pp.145-164) p r e s e n t s a d e t a i l e d p i c t u r e o f m a r i t i m e 
e c o n o m i c s s i n c e the S e c ond World War and f o r g e s l i n k s 
between the i n t e r n a t i o n a l t r a d e c y c l e and i n t e r n a t i o n a l 
i n v e s t m e n t a p p r a i s a l . He a r g u e s <p.159) t h a t ' t h e r e a l c o s t 
of m a r i t i m e t r a n s p o r t t o t h e w o r l d community a t l a r g e w i l l 
go on i n c r e a s i n g . C o n s e q u e n t l y , t h e m i n i m i z a t i o n of t h e 
r e a l c o s t of the m a r i t i m e t r a n s p o r t f u n c t i o n t o t h e w o r l d 
community i s a n o t h e r s i g n i f i c a n t a r e a where f u r t h e r 
economic c u t s a r e needed*. Moreby C1975, p. 7) h a s d e s c r i b e d 
' t h e e x p l o s i v e i n c r e a s e i n t h e number of d i f f e r e n t s h i p 
t y p e s ' t h a t have emerged i n t h e p o s t war y e a r s . T h i s 
s u b j e c t i s d e a l t w i t h i n d e t a i l l a t e r . The r a p i d i n c r e a s e 
i n c o n t a i n e r s h i p s i n t h e 1960's i s documented by F r a n k e l 
<1983. pp. U-12> and M c C o n v i l l e (1979» p. 3 9 ) h a s shown how 
c o n t a i n e r s h i p s now form p a r t o f a w i d e r t r a n s p o r t s y s t e m . 
C o n t a i n e r s h i p s grew r a p i d l y i n s i z e i n t h e 1970's i n o r d e r 
to t a k e a d v a n t a g e of e c o n o m i e s of s c a l e . F r a n k e l <1983, 
pp.10-12) h a s shown t h a t b u l k c a r r i e r s ( l i q u i d and s o l i d ) 
a l s o grew I n s i z e d u r i n g t h e same p e r i o d f o r s i m i l a r 
r e a s o n s . 
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D u r i n g t h i s p e r i o d many l e s s d e v e l o p e d c o u n t r i e s w i t h 
no s h i p o w n i n g h i s t o r y emerged a s m a r i t i m e n a t i o n s . F r a n k e l 
(1983, p.2) d e s c r i b e s t h e s e c h a n g e s i n w o r l d t r a d e i n terms 
of ' c o m p o s i t i o n , t y p e and p h y s i c a l form of c a r g o e s , c a r g o 
r o u t e s , terms of t r a d e , and l e n g t h of a v e r a g e t r a d i n g 
d i s t a n c e s ' . M c C o n v i l l e ( 1 9 7 9 , ) d e s c r i b e s t h e emergence of 
f l e e t s of n o n - t r a d i t i o n a 1 m a r i t i m e n a t i o n s and d e t a i l s i t s 
e f f e c t s on manpower p a t t e r n s i n the B r i t i s h merchant 
f l e e t . He a r g u e s <pp.45-46) t h a t i n o r d e r to compete w i t h i n 
th e i n t e r n a t i o n a l l a b o u r market new m a r i t i m e c a r e e r s s h o u l d 
be c r e a t e d w h i c h a r e b a s e d on new manpower management 
pr i n c i p i e s . 
Metaxas <1983, p.157) d e s c r i b e s t h e p r o b l e m s posed t o 
the s t u d y of m a r i t i m e e c o n o m i c s by t h e emergence of t h e 
f l e e t s of d e v e l o p i n g c o u n t r i e s . He c a l l s f o r f u r t h e r 
r e s e a r c h and t h e a p p l i c a t i o n of s c i e n t i f i c p r i n c i p l e s t o 
th e s o l u t i o n of t h e s e economic problems. The emergence of 
th e f l e e t s of d e v e l o p i n g c o u n t r i e s was e n c o u r a g e d by UNCTAD 
( U n i t e d N a t i o n s C o n f e r e n c e on T r a d e & Development) w h i c h 
imposed r e s t r i c t i o n s t o end t h e monopoly o f t h e l i n e r 
t r a d e r s ( F r a n k e l 1983, p p . 2 - 3 ) . A f u r t h e r a im of UNCTAD was 
to c u r t a i l t h e a c t i v i t i e s o f ' f l a g of c o n v e n i e n c e s h i p s ' 
and a l l o w l e s s d e v e l o p e d c o u n t r i e s t o p r o d u c e t h e i r own 
merchant f l e e t s ( P a r k e r 1984, p . 2 4 ) . I t was a r g u e d t h a t 
s u b - s t a n d a r d v e s s e l s were u s e d t o t r a d e w i t h l e s s e r 
d e v e l o p e d c o u n t r i e s . UNCTAD e n a b l e d t h e s e c o u n t r i e s a c c e s s 
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to newer t e c h n o l o g y and t h u s gave a c o n s e q u e n t b o o s t to 
t h e i r n a t i o n a l economies. ( F r a n k e l 1983, p.3) 
The l e s s e r d e v e l o p e d c o u n t r i e s had a f u r t h e r e f f e c t 
on g l o b a l t r a d i n g . A f t e r t h e r a t i f i c a t i o n o f t h e UNCTAD 
Code of P r a c t i c e f o r L i n e r C o n f e r e n c e s and i n o r d e r t o 
r a t i o n a l i z e s h i p usage, many p r o c e s s i n g p l a n t s were 
c o n s t r u c t e d i n t h e l e s s e r d e v e l o p e d c o u n t r i e s n e a r t o raw 
or s e m i - f i n i s h e d m a t e r i a l s . T h i s h a s been d e s c r i b e d by 
F r a n k e l <1983, p . 2 ) . T h i s r e s u l t e d i n c o n t i n u i n g growth i n 
w o r l d t r a d e but w i t h a r e d u c t i o n i n t r a d i n g d i s t a n c e s . 
( F r a n k e l 1983, p . 3 ) . 
S i n c e 1974, t h e E.E.C. ( E u r o p e a n Economic Community) 
h a s i n c l u d e d s h i p p i n g i n t h e economic p r i n c i p l e s of t h e 
' T r e a t y of Rome' i . e . f r e e t r a d e w i t h i n t h e E.E.C. T h i s 
c o n c e p t of f r e e t r a d e i s p a r t of t h e h i s t o r y of s h i p p i n g 
but i n c r e a s e d c o m p e t i t i o n f o r l e s s t r a d e h a s l e d to 
p r o t e c t i o n i s m (Sagen 1984, p.17) and to u n f a i r t r a d i n g from 
th e S o v i e t B l o c ( P a r k e r 1984, p . 2 3 ) . 
Moreby (1975, p.71) d e m o n s t r a t e s t h a t s h i p o w n e r s have 
3 methods o f e a r n i n g r e v e n u e from s h i p s :-
( a ) C a r g o c a r r y i n g o r c h a r t e r i n g o u t ; 
(b) S p e c u l a t i n g i n t h e s a l e and p u r c h a s e market; 
( c ) U s i n g s h i p s a s ' v e h i c l e s * f o r f i s c a l 
a d v a n t a g e s . 
S h i p o w n e r s now a r e f o r c e d t o employ a dynamic b a l a n c e 
of ( a ) , ( b ) , and ( c ) d e p e n d i n g on t r a d i n g p a t t e r n s , 
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f i n a n c i a l m a r k e t s , and a v a i l a b i l i t y of tonnage. 
F r a n k e l (1983, p. 4) d e s c r i b e s how modern s h i p o w n i n g 
h a s changed from t h e Image of t h e e n t r e p r e n e u r i a l 
i n d i v i d u a l to ' j o i n t v e n t u r e r s ' or ' c r o s s n a t i o n a l 
c o n g l o m e r a t e s ' . He a l s o e m p h a s i s e s t h a t b e c a u s e of t h e 
I n t e n s i t y of c a p i t a l i s a t i o n of t h e i n d u s t r y much s h i p o w n i n g 
i s c a r r i e d out w i t h government o r o t h e r p u b l i c f i n a n c e . 
The d r a m a t i c I n c r e a s e i n t h e s i z e of m erchant s h i p s 
from the mid 1950's onwards was c a u s e d by the,-, e q u a l l y 
d r a m a t i c I n c r e a s e I n s e a b o r n e t r a d e , u n t i l 1973 when the 
sudden r i s e i n t h e p r i c e o f o i l , p l u s i n c r e a s e s i n p o r t 
c o s t s and l a b o u r c o s t s , d e a l t a blow to w o r l d s h i p p i n g . 
T h i s h a s been d e s c r i b e d by W a l l C1980, p. 155) . S i n c e t h e 
f u e l c o s t s were v i r t u a l l y t h e same f o r a l l s h i p o w n e r s t h e 
c r e w c o s t s became th e o n l y v a r i a b l e o v e r w h i c h the owners 
or f l e e t managers had any c o n t r o l . Koburger <1984, p. 11) 
s t a t e s ' t h e key manageable a r e a I s manning. We must become 
r e a l l y c a p i t a l i n t e n s i v e and e f f i c i e n t , l e a v i n g t h e l a b o u r 
I n t e n s i v e s h i p s and t r a d e s f o r t h o s e w i t h c h e a p e r 
manpower.' P a r k e r <19d4-, pp. 2 3-24) e x a m i n e s t h e c h o i c e s 
a v a i l a b l e t o s h i p o w n e r s when c o n s i d e r i n g c r e w c o s t s . He 
p r o p o s e s t h r e e s o l u t i o n s e t s : 
1. P r o t e c t j o b s - a p o l i t i c a l d e c i s i o n w i t h monetary 
c o s t s . 
2. ' F l a g out* - a c o m m e r c i a l d e c i s i o n w h i c h w i l l s h e d 
j o b s but p r o duce monetary s a v i n g s . 
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3. Improve p r o d u c t i v i t y by i n t r o d u c i n g new methods. 
Thus t h e huge d i f f e r e n c e i n t h e c o s t s o f w e s t e r n c r e w s and 
c r e w s from t h e l e s s d e v e l o p e d c o u n t r i e s h a s l e d to 
' f l a g g i n g o ut' ( P a r k e r 1984, p.24) and t h e w i t h d r a w a l of 
w e s t e r n s h i p o w n e r s t o the l i n e r t r a d e s and s h o r t s e a 
t r a d i n g ( Koburger 1982. p. 7) . 
A c o m p r e h e n s i v e v i e w of t h e economic e n v i r o n m e n t i s 
take n by Metaxas (1983. p p . 1 5 1 - 1 5 4 ) . He draws t r a d i n g 
p a t t e r n s and o w n e r s h i p p a t t e r n s t o g e t h e r I n a - c y c l i c 
p i c t u r e b a s e d on t h e ' t h e o r y of t h e f i r m ' . Thus 
a d v a n t a g e o u s t r a d i n g l e a d s t o more s h i p s b e i n g b u i l t a s 
newcomers e n t e r t h e market; a f t e r an i n d e t e r m i n a t e t i m e l a g 
the t r a d e h a s an e x c e s s of tonnage, s o f r e i g h t r a t e s drop 
l e a d i n g t o ' l a y - u p s * and a c e s s a t i o n of s h i p b u i l d i n g . A g a i n 
a f t e r an i n d e t e r m i n a t e l a g t h e r e I s i n s u f f i c i e n t tonnage 
and t r a d i n g i s once a g a i n a d v a n t a g e o u s t o t h e s h i p o w n e r , 
t h u s b e g i n n i n g t h e c y c l e a g a i n . 
SUMMARY OF THE ECONOMIC ENVIRONNENT 
The r e v i e w of t h e l i t e r a t u r e p e r t a i n i n g to t h e 
economic e n v i r o n m e n t s u r r o u n d i n g t h e B r i t i s h m e r c h a n t f l e e t 
r e v e a l s a complex and i r r e g u l a r c y c l i c a l p a t t e r n . F o l l o w i n g 
t h e Second World War t h e i n c r e a s e i n w o r l d t r a d e and 
i n v e s t m e n t i n s p e c i a l i z e d s h i p s l e d to a p e r i o d of growth. 
Then the emergence of l e s s d e v e l o p e d c o u n t r i e s a s m a r i t i m e 
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n a t i o n s t o g e t h e r w i t h t h e o i l c r i s i s of 1973 p r e c i p i t a t e d a 
r e c e s s i o n . T h i s r e c e s s i o n h a s meant t h a t s h i p o p e r a t o r s 
have had to m a i n t a i n s e r v i c e s w i t h minimum c o s t s . T h i s 
m i n i m i z i n g of c o s t s h a s l e d t o c r e w r e d u c t i o n s and 
' f l a g g i n g out' to o b t a i n t h e b e n e f i t s of c h e a p e r c r e w s . 
The l i t e r a t u r e r e v e a l s t h a t d u r i n g a r e c e s s i o n , s u c h 
a s we a r e e x p e r i e n c i n g , s h i p o w n e r s have few v a r i a b l e s w h i c h 
they c a n o p t i m i s e . Crew r e d u c t i o n t o g e t h e r w i t h I n c r e a s e d 
t e c h n o l o g i c a l a s s i s t a n c e i s one p l o y w h i c h f i n d s a p p r o v a l 
among many a u t h o r s , but t h i s means a r e o r g a n i z a t i o n of work 
among t h o s e r e m a i n i n g and a c a r e f u l r e a l l o c a t i o n of t a s k s 
between c r e w members and t e c h n o l o g i c a l a i d s p l a c e d aboard. 
2.2.2 TECHNICAL ENVIRONMENT 
Many l e v e l s of a b s t r a c t i o n of t h e t e c h n i c a l 
e n v i r o n m e n t have been o b s e r v e d and d e s c r i b e d . F r a n k e l 
(1983, pp. 1-15) h a s p r e s e n t e d an e x h a u s t i v e d e s c r i p t i o n of 
t h e c h o i c e s of equipment t e c h n o l o g y c u r r e n t l y a v a i l a b l e , 
w h i l e Moreby (1975, pp.6-10) h a s p r e s e n t e d a d e s c r i p t i o n of 
t h e emergence of c o m p l e t e l y new t r a d e s and t h e a p p l i c a t i o n 
o f t e c h n o l o g y t o new m a r i t i m e v e n t u r e s . 
At t h e macro end of t h e s c a l e i t h a s been shown t h a t 
t h e s h i p p i n g i n d u s t r y I s v o l a t i l e , I n t e r s p e r s i n g p e r i o d s of 
s t a g n a t i o n w i t h p e r i o d s of f r e n z i e d t e c h n i c a l a d v a n c e 
( F r a n k e l 1983, p. 1 5 ) . One of t h e p e r i o d s o f s t a g n a t i o n h a s 
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been d e s c r i b e d by Moreby (1975, p. 5) who d e m o n s t r a t e s t h a t 
from 1910-1955 s h i p p i n g r e m a i n e d r e l a t i v e l y unchanged 
c o n s i s t i n g of t h r e e b a s i c t e c h n i c a l c l a s s e s of s h i p - c a r g o 
l i n e r s , c a r g o tramps, and o i l t a n k e r s . 
Worldwide demand f o r t h e t r a n s p o r t o f raw m a t e r i a l s 
l e d to the emergence of t h e bulk c a r r i e r s p e c i f i c a l l y to 
t r a n s p o r t o r e , b a u x i t e , cement, g r a i n , f e r t i l i z e r s , and 
c o a l a s d e s c r i b e d by Y o l l a n d (1974, pp. 2 1 - 3 7 ) . T h e s e b u l k 
c a r r i e r s e s s e n t i a l l y r e p l a c e d t h e c a r g o tramp a s economies 
of s c a l e f o r c e d out t h e s m a l l e r s h i p s and l a r g e c o m p a n i e s 
began to t r a n s p o r t c a r g o e s i n b u l k . The c a r r i a g e of t h e s e 
c a r g o e s l e d to t h e development of s p e c i a l i z e d s h o r e 
i n t e r f a c e f a c i l i t i e s - g r a b s , s u c t i o n equipment, and 
c o n v e y o r b e l t s . B u l k c a r r i e r s have s i n c e d i v e r s i f i e d 
f u r t h e r t o encompass what F r a n k e l (1987, p. 103) d e s c r i b e s 
a s p seudo-bulk c a r g o e s i e . s p e c i a l i s t t i m b e r c a r r i e r s and 
c a r c a r r i e r s , a g a i n r e q u i r i n g s p e c i a l i z e d s h o r e f a c i l i t i e s . 
O i l t a n k e r s became more s p e c i a l i z e d i n r e s p o n s e t o 
market demand and promoted t h e emergence of c r u d e c a r r i e r s , 
p r o d u c t s c a r r i e r s , c h e m i c a l c a r r i e r s , and l i q u e f i e d g a s 
c a r r i e r s . The l a t t e r two c l a s s e s e s p e c i a l l y demand v e r y 
s p e c i a l i z e d s h o r e i n t e r f a c e f a c i l i t i e s . T r a d i t i o n a l c a r g o 
l i n e r s were r e p l a c e d by c o n t a i n e r s h i p s w h i c h a g a i n r e q u i r e 
a h i g h d e g r e e of m e c h a n i z a t i o n and s p e c i a l i z e d equipment a t 
t h e i r t e r m i n a l p o r t s . 
Thus t h e t r e n d h a s been d e t e c t e d CMoreby 1975, p. 9 ) 
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toward s g r e a t e r s p e c i a l i z a t i o n of s h i p t y p e and g r e a t e r 
m e c h a n i z a t i o n of c a r g o h a n d l i n g f a c i l i t i e s . T h i s i s shown 
g r a p h i c a l l y a s f i g u r e 2.3 
INCREASING KECHANI2ATI0N 
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T h i s t r e n d h a s a l s o been o b s e r v e d and r e c o r d e d by F r a n k e l 
(1983, p.1) who s t r e s s e s t h e i m p o r t a n c e of consumer demand 
on s p e c i a l i z a t i o n of c a r g o form, c o n t a i n m e n t , t y p e s of 
h a n d l i n g , methods of t r a n s p o r t , and e f f i c i e n t i n t e i — m o d a l 
i n t e r f a c e . 
Many w r i t e r s h a v e h i g h l i g h t e d t h e f a c t t h a t modern 
s h i p p i n g i s now a more i n t e g r a t e d p a r t o f a t o t a l t r a n s p o r t 
s t r u c t u r e and t h u s s p e c i a l i z a t i o n and c o n s e q u e n t l y 
t e c h n o l o g y a r e b e i n g f o r c e d o n t o s h i p s . As F r a n k e l ,-.(1983, 
p. 4) e x p r e s s e s I t , ' w i t h t r a n s p o r t a t i o n now i n c r e a s i n g l y 
d e s i g n e d a s p o i n t - t o - p o i n t s y s t e m s i n w h i c h s h i p p i n g s e r v e s 
a s but one l i n k i n a c h a i n o f t r a n s p o r t l i n k s . new or 
d i f f e r e n t t e c h n o l o g y I s o f t e n f o r c e d o n t o s h i p p i n g f o r 
r e a s o n s of s y s t e m c o n s i s t e n c y and e f f i c i e n c y and not 
n e c e s s a r i l y s h i p p i n g e f f i c i e n c y ' . S a g e n (1984, p.17) 
s t a t e s t h a t the a d v a n c e s i n s h i p p i n g t e c h n o l o g y a r e c a u s e d 
by :-
<a) The p u l l o f t h e market f o r c e s 
(b> The push of t h e t e c h n i c a l e n v i r o n m e n t 
T h e s e f o r c e s a r e i l l u s t r a t e d i n f i g u r e 2.4. 
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Figure 2.A 
T h e s e f o r c e s a r e s i m i l a r t o t h o s e m e n t i o n e d e a r l i e r 
and i n d i c a t e how t h e t e c h n i c a l e n v i r o n m e n t i s p u s h i n g new 
t e c h n o l o g y and a s s o c i a t e d e x p e n s e o n t o t h e t r a n s p o r t 
p a t t e r n . S i m i l a r l y , i n o r d e r t o r e m a i n c o m p e t i t i v e , a 
s h i p o w n e r must expend f i n a n c e i n o r d e r t o u t i l i s e t h e new 
t e c h n o l o g y w h i c h w i l l p l a c e him ahead o f h i s c o m p e t i t o r s . 
I n t h i s c a s e he p u l l s t h e r e q u i r e d new t e c h n o l o g y to him i n 
o r d e r t o a i d t h e t r a n s p o r t p a t t e r n . 
The h i g h d e g r e e of s p e c i a l i z a t i o n h a s d a n g e r s f o r 
s h i p o w n e r s I n t h a t t h e y a r e c o n s t r a i n e d to c e r t a i n p o r t s 
and c a r g o e s and a r e r e l a t i v e l y u n a d a p t a b l e i n t h e e v e n t of 
a market c o l l a p s e i n t h e i r own s p e c i a l i s e d f i e l d . Moreby 
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(1975, p.9) h a s drawn a t t e n t i o n to t h i s . The problem h a s 
been p e r c e i v e d by o t h e r s ( S m i t & P i j c k e 1984, pp.66-67) who 
p r e d i c t t h a t , a l t h o u g h s p e c i a l i z a t i o n w i l l c o n t i n u e , i t 
w i l l l e a d t o c l a s s e s of m u 1 1 i - s p e c i a 1 1 s t v e s s e l s . They c i t e 
a s e xamples t h e c a s e s of OBO's (Ore & B u l k O i l c a r r i e r s ) 
and o i l r i g s u p p l y / a n c h o i — h a n d 1i n g / a n 1 1 - p o l 1 u t i on/f i r e — 
f i g h t i n g v e s s e l s . 
At t h e m i c r o end of t h e t e c h n i c a l e n v i r o n m e n t 
s i g n i f i c a n t a d v a n c e s have been d e t e c t e d i n c o n t r o l s y s t e m s . 
P a r k e r (1984, p.27) s e l e c t s the VDU c o n c e p t o f d i s p l a y a s a 
prime advancement f o r s h i p s w i t h a c e n t r a l c o n t r o l u n i t on 
the s h i p ' s b r i d g e and s a t e l l i t e c o n t r o l s e l s e w h e r e . Sagen 
(1984, p.17) s t a t e s t h a t ' a d v a n c e d c o n t r o l a u t o m a t i o n 
equipment w i l l be u t i l i z e d more e x t e n s i v e l y on board. T h i s 
a p p l i e s to c a r g o - h a n d l i n g , mooring, m a i n t e n a n c e , 
manoeuvring e t c ' S m l t 8t P i j c k e (1984, p.64) a g r e e t h a t 
d e v e l o p m e n t s i n automated c o n t r o l w i l l grow s t e a d i l y but 
urge c a u t i o n and s e e k i n c r e a s e d r e s e a r c h I n t o r e l i a b i l i t y 
and s y s t e m s knowledge. R o b o t i c s i s a n o t h e r a r e a w h i c h h a s 
r e c e i v e d a t t e n t i o n . F r a n k e l (1983, pp. 14-15) a r g u e s t h a t 
' r o b o t i c s , p r o b a b l y more than any o t h e r t e c h n o l o g i c a l 
development, w i l l a f f e c t s h i p b o a r d employment both by 
number and s k i l l a s w e l l a s t h e s h i p b o a r d s o c i a l s t r u c t u r e 
and l i f e s t y l e s . ' He t h e r e f o r e u r g e s e x t r e m e c a u t i o n i n 
t h e i r a p p l i c a t i o n f o r a l t h o u g h t h e y c a n u p g r ade s h i p p i n g 
s e r v i c e s and t h e s k i l l s of p e o p l e t h e y c a n a l s o c a u s e 
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I r r e p a r a b l e l o s s e s . P a r k e r (1984, p.27) c l a i m s t h a t r o b o t i c 
s o l u t i o n s w i l l e v o l v e a s c r e w numbers d i m i n i s h , the speed 
of e v o l u t i o n b e i n g a f u n c t i o n of r e l a t i v e c o s t s . 
C o mmunications w i l l , a c c o r d i n g to P a r k e r (1984, p . 2 7 ) , be 
used i n t h e f u t u r e t o r e d e p l o y c e r t a i n c o n t r o l f u n c t i o n s to 
the s h o r e and t h i s w i l l h ave t h e e f f e c t o f r e d u c i n g crew 
complements even f u r t h e r . F r a n k e l (1983, p. 13) d e s c r i b e s 
the i m p l e m e n t a t i o n o f s a t e l l i t e c o m m u n i c a t i o n s but does not 
appear to c o n s i d e r modern c o m m u n i c a t i o n s a s a major 
t e c h n o l o g i c a l advance. Sagen (1984, p.20) however, s e e s 
m a r i t i m e s a t e l l i t e c o m m u n i c a t i o n s a s t h e key to f u t u r e s h i p 
management and c l a i m s i t ' o f f e r s t h e g r e a t e s t c h a l l e n g e s 
and p o s s i b i l i t i e s f o r s h i p o p e r a t i o n s . ' He s o u n d s a s m a l l 
word of c a u t i o n , however, by s t a t i n g t h a t , ' c o m m u n i c a t i o n s 
by t h e m s e l v e s do not, of c o u r s e , promote s h i p p i n g 
c o m p e t i t i v e n e s s but, i n t h e r i g h t c o n t e x t , t h i s t e c h n o l o g y 
s h o u l d be an e f f e c t i v e a i d i n our c o n t i n u o u s endeavour to 
keep up i n the i n t e r n a t i o n a l c h a s e t o o p t i m i z e 
c o s t s / p r o d u c t i v i t y w i t h i n s e a t r a n s p o r t . ' 
Thus we have c o n t r o l s y s t e m s , r o b o t i c s and 
c o m m u n i c a t i o n s a l l o f w h i c h w i l l l e a d t o r e d u c e d manpower 
r e q u i r e m e n t s and a need f o r new s h i p b o a r d o r g a n i z a t i o n a l 
s t r u c t u r e s . 
M a i n t e n a n c e t e c h n o l o g y I s a f i e l d w h i c h many s e e a s 
an a r e a which s h o u l d r e c e i v e more a t t e n t i o n a s o t h e r 
t e c h n o l o g i c a l d e v e l o p m e n t s combine to a l l o w c r e w 
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r e d u c t i o n s . Y a s u m i c h i K o i s h l C1981, p . 2 6 5 ) r e c o g n i s e s t h i s 
p r o b l e m a n d p r o p o s e s f o u r s t r a t e g i e s w h i c h may b e e m p l o y e d 
t o o v e r c o m e m a i n t e n a n c e p r o b l e m s : 
1. REPLACEMENT o f e q u i p m e n t t o t h a t w h i c h i s e a s i l y 
m a i n t a i n e d by r e p l a c e a b l e c o m p o n e n t s . 
2. TRANSFORMATION o f m a i n t e n a n c e w o r k p e r f o r m e d by 
p e r s o n s a b o a r d i n t o m a i n t e n a n c e work p e r f o r m e d b y e q u i p m e n t 
a s h o r e . T h i s may be p e r f o r m e d by t h e u t i l i z a t i o n o f 
s o p h i s t i c a t e d d i a g n o s t i c e q u i pment. 
3. TRANSFER o f m a i n t e n a n c e w o r k f r o m p e r s o n s a b o a r d t o 
p e r s o n s a s h o r e . 
4. TRANSFORMATION f r o m r e a c t i v e m a i n t e n a n c e < r e p a i r s > t o 
p l a n n e d p r o a c t i v e m a i n t e n a n c e . 
SUMMARY OF THE T E C H N I C A L ENVIRONMENT 
T h i s r e v i e w o f t h e l i t e r a t u r e r e l a t i n g t o t h e 
t e c h n i c a l e n v i r o n m e n t d e s c r i b e s a n i n d u s t r y w h i c h c o n s i s t s 
o f s h i p s w h i c h a r e b e c o m i n g e v e r more s p e c i a l i z e d a n d 
m e c h a n i z e d . T h i s I n c r e o s e i n s p e c i a l i z a t i o n a n d 
m e c h a n i z a t i o n i s l e a d i n g t o e v e r g r e a t e r d e p e n d e n c e on 
s h o r e f a c i l i t i e s a n d s u p p o r t . S h i p s a r e now s e e n a s l i n k s 
i n a t o t a l t r a n s p o r t a t i o n s y s t e m r a t h e r t h a n i s o l a t e d , 
u n i q u e modes o f t r a n s p o r t . 
T h e I n c r e a s e d d e p e n d e n c e on s h o r e f a c i l i t i e s t o g e t h e r 
w i t h a d v a n c e s i n a u t o m a t e d c o n t r o l , e l e c t r o n i c d a t a 
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t r a n s f e r a n d c o m m u n i c a t i o n s i s e n a b l i n g s h i p s t o o p e r a t e 
w i t h f e w e r c r e w members. H o w e v e r t h e c r e w r e m a i n i n g m u s t be 
c o m p l e m e n t a r y , i n k n o w l e d g e , s k i l l s a n d o r g a n i z a t i o n , w i t h 
t h e new t e c h n o l o g i c a l s y s t e m s w h i c h t h e y a r e t o o p e r a t e . 
2 . 2 . 3 S O C I A L ENVIRONMENT 
S m i t h & Roggema C1979b, pp. 14-5-156) h a v e made a n 
e x h a u s t i v e s e a r c h o f a v a i l a b l e l i t e r a t u r e i n o r d e r t o 
e x t r a c t t h e i s s u e s o f s o c i a l i m p o r t a n c e i n s h i p p i n g . 
E s s e n t i a l l y t h e y i d e n t i f y f i v e a r e a s w h i c h a r e r e c e i v i n g 
s u b s t a n t i a l i n t e r n a t i o n a l a t t e n t i o n I n o r d e r t o I m p r o v e 
s e a f a r i n g a s a way o f l i f e a n d t h e e f f e c t i v e n e s s o f 
m a n n i n g . 
<a) C r e w s t a b i l i t y - by w h i c h I s me a n t t h e 
f o r m a t i o n o f a g r o u p , e n d u r i n g o v e r t i m e , a n d 
r e t u r n i n g t o t h e s a m e s h i p . 
<b> C l a r i f i c a t i o n a n d r e d e f i n i t i o n o f t a s k 
a l l o c a t i o n f r o m s h o r e t o s h i p . 
<c> I m p r o v e m e n t I n w o r k p l a n n i n g . 
<d> I m p r o v e m e n t I n J o b c o n t e n t o f r a t i n g s . 
Ce> D e v e l o p m e n t o f s h i p b o a r d t r a i n i n g . 
T h e s e f i v e a r e a s w i l l now b e c o n s i d e r e d I n t u r n :-
<a) CREW S T A B I L I T Y 
Many w r i t e r s h a v e c o m m e n t e d u p o n t h e I s s u e o f 
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c r e w s t a b i l i t y ( M o r e b y 1975, p p . 1 0 1 - 1 0 9 . S h a r p e 1 9 7 9 , p p . 1 -
2. S m i t h & Roggema 1 9 7 9 a . p p . 1 2 9 - 1 4 3 ) . M o r e b y ( 1 9 7 5 . p . 1 0 1 ) 
h a s d e s c r i b e d t h e t r a n s i e n t n a t u r e o f s h i p s ' c r e w s . He 
e m p h a s i s e s t h e p o i n t t h a t i n d i v i d u a l s may j o i n a n d l e a v e 
s h i p s p e r f o r m i n g t h e i r a l l o t t e d t a s k s b u t ' u n a b l e t o g i v e 
a n y t h i n g o f t h e m s e l v e s t o t h e i r p r e s e n t s h i p s ' d ue t o t h e 
t r a n s i t o r y n a t u r e o f t h e i r e m p l o y m e n t . H e r b s t <1974, p 3 4 ) 
a n d S m i t h & Roggema <1979a, p . 1 3 1 ) r e f e r t o t h i s p h enomenon 
a s a n ' e x c h a n g e a b l e c o m p o n e n t s t r u c t u r e ' . T h i s r a n d o m 
f o r m a t i o n o f s o c i a l g r o u p s w h i c h do n o t e n d u r e t h r o u g h t i m e 
h a s i m p o r t a n t c o n s e q u e n c e s . M o r e b y ( 1 9 7 5 . p. 1 0 1 ) i d e n t i f i e s 
t h e a w a r e n e s s o f r e p l a c e a b i 1 i t y a s a m a j o r c a u s e f o r 
d i s s a t i s f a c t i o n a m o n g s t s e a f a r e r s . 
M o r e b y ( 1 9 7 5 , p. 1 0 1 ) , . i n p u r s u i n g t h e l o g i c o f t h i s 
s t r u c t u r e . s t a t e s t h a t ' i t b e c o m e s n e c e s s a r y t o t h i n k o f 
t h e s o c i a l s y s t e m on b o a r d a s h i p . n o t I n t e r m s o f 
i n d i v i d u a l s . b u t i n t e r m s o f t h e t a s k s w h i c h m u s t be 
f u l f i l l e d o r . p r e f e r a b l y . i n t e r m s o f t h e r o l e s t h a t h a v e 
t o be f i l l e d . ' T h e t a s k s w i l l r e m a i n u n c h a n g e d t h r o u g h t i m e 
b u t t h e r o l e s w i l l a l t e r d e p e n d i n g u p o n t h e l e v e l o f 
t e c h n o l o g y a n d t h e s o c i a l s t r u c t u r e a b o a r d . 
S m i t h & Roggema <1979b. p. 1 5 4 ) e x p a n d on t h i s p o i n t 
a n d i n d i c a t e t h a t i n p r e s e n t d a y s h i p s w i t h ' u n s t a b l e ' 
c r e w s , e f f e c t i v e n e s s i s m a i n t a i n e d b y two m a i n f a c t o r s :-
( a ) H i g h r o l e p r e s c r i p t i o n - i . e . r o l e b e h a v i o u r 
m ust be c l e a r l y a n d s p e c i f i c a l l y d e l i n e a t e d s o t h a t a 
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v a r i e t y o f i n d i v i d u a l s may l e a r n t o o c c u p y t h e r o l e i n a 
r e l a t i v e l y s h o r t p e r i o d o f t i m e . 
<b) Low r o l e i n t e r d e p e n d e n c y - i . e . r o l e s a r e 
p r o s c r i b e d t o m i n i m i z e t h e d e g r e e o f i n t e r d e p e n d e n c e t h u s 
l e s s e n i n g t h e i m p a c t o f t h e v a r i a b i l i t y i n i n d i v i d u a l 
p e r f o r m a n c e . 
B o t h S h a r p e ( 1 9 7 9 , pp. 1-2) a n d S m i t h & Roggema 
<1979b, p. 1 5 4 ) s t a t e t h a t a m a j o r r e s u l t o f r o l e 
p r e s c r i p t i o n a n d ' e x c h a n g e a b l e c o m p o n e n t s ' i s t h e n e c e s s a r y 
u n i v e r s a l i t y o f t h e s t r u c t u r e o f s h i p s ' c r e w s . T h i s m e ans, 
f o r e x a m p l e , t h a t a l l s e c o n d m a t e s m u s t s h a r e a common r o l e 
i n o r d e r t h a t t h e y may move f r e e l y f r o m s h i p t o s h i p a n d 
work s a f e l y a n d e f f e c t i v e l y . S h a r p e f u r t h e r p o i n t s o u t t h a t 
i t c r e a t e s a n e e d f o r a c e n t r a l l y e s t a b l i s h e d m e a s u r e o f 
r o l e c o m p e t e n c e . 
M o r e by C1975, pp. 1 0 1 - 1 0 4 ) p r o c e e d s b e y o n d t h e t h e o r y 
o f r o l e s a n d a d d r e s s e s two m a j o r p r a c t i c a l p r o b l e m s 
i n v o l v e d I n m a i n t a i n i n g a m e a s u r e o f c r e w s t a b i l i t y . T h e s e 
a r e r e c r u i t m e n t a n d r e t e n t i o n o f s e a f a r e r s . T e c h n o l o g i c a l 
a d v a n c e s a n d e c o n o m i c f o r c e s a l t e r t h e n a t u r e o f s h i p b o a r d 
e m p l o y m e n t t o a c c o m m o d a t e f a s t e r t u r n a r o u n d t i m e s i n p o r t 
a n d p r o m o t e more e f f i c i e n t s e a p a s s a g e s . T h i s i s a t o d d s 
w i t h t h e t r a d i t i o n a l r e c r u i t i n g i m a g e o f a n a d v e n t u r o u s 
c a r e e r w i t h t i m e t o s p e n d a s h o r e i n f o r e i g n p o r t s . E i t h e r 
r e c r u i t i n g m u s t b e c h a n g e d t o r e f l e c t t h e t r u t h a n d r i s k a 
c o n s e q u e n t d r o p i n a p p l i c a n t n u m b e r s ; o r r e c r u i t i n g 
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m e t h o d s r e m a i n t h e s ame a n d d i s i l l u s i o n e d r e c r u i t s w i l l 
l e a v e t h e s e a a t a n e a r l y s t a g e . T h i s p r o b l e m h a s a b a t e d 
s i n c e Moreby i d e n t i f i e d i t i n 1975 d u e t o t h e g e n e r a l 
i n c r e a s e i n u n e m p l o y m e n t a s h o r e . I t i s h o w e v e r a n i s s u e 
w h i c h m u s t be a d d r e s s e d f o r t h e l o n g t e r m b e n e f i t o f t h e 
i n d u s t r y . 
<b) TASK ALLOCATION FROM SHORE TO S H I P 
Many a u t h o r s <Moreby 1975, pp. 1 0 - 2 8 , Poole,- 1 9 8 1 , 
pp. 2 0 7 - 2 2 1 , S a g e n 1984, pp. 1 7 - 2 2 , S h u J i A o k i 1980, 2 3 3 - 2 3 9 , 
S m i t h a Roggema 1980b, p p . 2 2 5 - 2 6 9 ) h a v e e x a m i n e d t h e 
r e l a t i o n s h i p b e t w e e n t h e s h i p o r g a n i z a t i o n a n d t h e s h o r e 
o r g a n i z a t i o n w i t h r e g a r d t o d e c i s i o n - m a k i n g . A l l o f t h e 
named a u t h o r s c i t e c h a n g i n g t e c h n o l o g y a s h a v i n g a m a j o r 
i m p a c t on t h e a l l o c a t i o n o f d e c i s i o n m a k i n g b e t w e e n s h i p 
a n d s h o r e . S m i t h & Roggema C1980b, p p . 2 4 1 - 2 5 4 ) s t a t e t h a t 
i n c r e a s i n g l y s o p h i s t i c a t e d t e c h n o l o g y t e n d s t o e n c o u r a g e 
d e c e n t r a l i z a t i o n . S h u j I Aok 1 ( 1 9 8 0 . p p . 2 3 3 - 2 3 9 ) n o t e s t h e 
n e e d , w i t h r e d u c i n g c r e w n u m b e r s , f o r d e m o c r a t i c , 
d e c e n t r a l i z e d m a n n i n g s t r u c t u r e s w h i c h a r e f l e x i b l e e n o u g h 
t o a d a p t t o e n v i r o n m e n t a l c h a n g e . P o o l e C1981, p . 2 1 4 ) 
e m p h a s i z e s t h a t ' d e c i s i o n s h a v e come t o r e f l e c t t e c h n i c a l 
c r i t e r i a r a t h e r t h a n J u d g e m e n t s b a s e d on e x p e r i e n c e . T h u s 
p e r s o n s i n c h a r g e o f t e c h n i c a l a p p a r a t u s m u s t h a v e m o r e 
d e c i s i o n m a k i n g p o w e r t h a n w a s o n c e t h e c a s e . ' 
M oreby ( 1 9 7 5 , p p . 1 0 - 2 8 ) s u g g e s t s , a s d o e s H e r b s t 
Ph.D. T H E S I S P a g e 43 
2. L I T E R A T U R E R E V I E W 
( 1 9 7 4 , p . 2 8 ) , t h a t a l t h o u g h i n t h e p a s t t h e t e c h n i c a l 
s y s t e m s d e t e r m i n e d t h e s o c i a l s y s t e m o n b o a r d , i t i s now 
p o s s i b l e t o s e l e c t a c e n t r a l i z e d o r d e c e n t r a l i z e d d e c i s i o n 
m a k i n g s o c i a l s y s t e m a n d c h o o s e t h e t e c h n o l o g y s u i t a b l e t o 
s u p p o r t t h e s e l e c t i o n . T h u s i n f o r m a t i o n may be s e n t t o t h e 
s h i p t o e n a b l e o n b o a r d d e c i s i o n s t o b e made o r s h i p d a t a 
may b e t r a n s m i t t e d a s h o r e f o r a n a l y s i s a n d s u b s e q u e n t 
d e c i s i o n m a k i n g . L a w r e n c e ( 1 9 8 8 , p. 5 ) p u r s u e s t h i s p o i n t 
a n d s t a t e s t h a t f o r o p t i m a l s h i p f u n c t i o n i n g thqi c r e w 
d e c i s i o n - m a k i n g s o c i a l s t r u c t u r e m u s t m a t c h t h e s h o r e 
d e c i s i o n - m a k i n g s o c i a l s t r u c t u r e . T h i s i s s h o w n i n f i g u r e 
2.5. a n d f r o m i t c a n be s e e n two e f f e c t i v e c o m p l e m e n t a r y 
s t r u c t u r e s :-
1. A v e s s e l i n t h e l i n e r t r a d e ( l e . r e g u l a r p o r t s o f 
c a l l ) may h a v e a c e n t r a l i z e d s h o r e d e c i s i o n m a k i n g 
s t r u c t u r e t o a l l o w s c h e d u l i n g o f t h e t o t a l t r a n s p o r t 
n e t w o r k . T h i s w i l l r e q u i r e a c r e w w h i c h w i l l a c c e p t 
i n s t r u c t i o n s , r o u t e s . a n d s c h e d u l e s f r o m t h e s h o r e 
a u t h o r i t y - a ' d e p e n d e n t ' c r e w . T h i s o r g a n i z a t i o n w i l l 
f u n c t i o n e f f e c t i v e l y p r o v i d i n g t h e c o m m u n i c a t i o n s c h a n n e l s 
f r o m s h o r e t o s h i p a r e f u n c t i o n i n g c o r r e c t l y . 
2. A v e s s e l I n t h e o f f s h o r e I n d u s t r y w h i c h i s i n d a i l y 
c o n t a c t w i t h I t s c h a r t e r e r w i l l r e q u i r e t h e M a s t e r a n d 
o f f i c e r s t o make o n t h e s p o t d e c i s i o n s r e g a r d i n g s c h e d u l e s , 
d o w n t i m e . a n d i n t e g r a t i o n o f t h e s h i p i n t o t h e o f f s h o r e 
o p e r a t i o n . I n t h i s i n s t a n c e t h e s h o r e d e c i s i o n m a k i n g I s 
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d e c e n t r a l i z e d t o t h e s h i p a n d t h e c r e w m u s t be o f a n 
• i n d e p e n d e n t ' n a t u r e t o h a n d l e t h e s e d e c i s i o n s i n a n 
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COMMUNICATION 
COMBINATIONS OF SHIP AND SHORE 
DECISION MAKING SOCIAL STRUCTURES 
F i g u r e 2.5 
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P o o l e <1981. p . 2 1 4 ) d r a w s a t t e n t i o n t o t h e f a c t t h a t 
h i g h e r t e c h n o l o g y a n d i n c r e a s e d d e c i s i o n m a k i n g a b o a r d s h i p 
l e a d s t o t h e r e c r u i t m e n t o f i n d i v i d u a l s w i t h a h i g h e r l e v e l 
o f g e n e r a l e d u c a t i o n , a n d t h i s c a u s e s p a t t e r n s o f a u t h o r i t y 
a n d s t a t u s t o become s u b j e c t t o s u b s t a n t i a l p r e s s u r e f o r 
c h a n g e . L a w r e n c e <1988, p. 6 ) e x a m i n e s a u t h o r i t y a n d 
a c c o u n t a b i l i t y f o r d e c i s i o n s i n d e p t h a n d a s s e r t s t h a t i f 
t h e r e i s a n I n c r e a s e i n d e c i s i o n s made by t h e p e r s o n s i n 
t h e s h o r e o f f i c e t h e n t h e y m u s t , i n some f o r m , be h e l d t o 
be more a c c o u n t a b l e . T h i s p o i n t h a s a l s o b e e n r e c o g n i s e d 
r e c e n t l y by Mr. J u s t i c e S h e e n C1987, p . 3 6 - 4 0 ) d u r i n g t h e 
f o r m a l i n v e s t i g a t i o n i n t o t h e l o s s o f t h e ' H e r a l d o f F r e e 
E n t e r p r i s e * . T h i s p r e s s u r e f o r c h a n g e I s a d d r e s s e d by 
S h u j i A o k i <1980, pp. 2 3 3 - 2 3 9 ) who m a i n t a i n s t h a t t h e s h o r e 
e m p l o y e r s m u s t c e a s e t o v i e w s h i p b o a r d e m p l o y e e s I n a 
n e g a t i v e m a n n e r <as a manpower r e s o u r c e ) a n d r e g a r d t h e m i n 
a p o s i t i v e m a n n e r by d e v o l v i n g more d e c i s i o n s t o t h e s h i p 
a n d c r e a t i n g w o r t h w h i l e J o b s . 
M o r e b y C1975, p. 4 6 ) t a l k s i n t e r m s o f a move f r o m 
m i l i t a r y m a n n i n g t o i n d u s t r i a l m a n n i n g a n d p o s e s , a s y e t 
u n s o l v e d , p r o b l e m s . S h o u l d t h e s h i p ' s m a s t e r b e v i e w e d a s a 
t a s k l e a d e r , r e l a y i n g o r d e r s f r o m s h o r e , o r s h o u l d h e be 
v i e w e d a s a n e x p r e s s i v e l e a d e r , r e l a y i n g c r e w f e e l i n g s t o 
t h e s h o r e ? I s i t p o s s i b l e f o r o n e man t o h o l d b o t h r o l e s 
e f f e c t i v e l y ? 
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( c ) IMPROVEMENT IN WORK PLANNING 
T h e o r g a n i z a t i o n on b o a r d s h i p w h i c h l e a d s t o t h e 
a c c o m p l i s h m e n t o f work h a s b e e n d e s c r i b e d by many 
a u t h o r i t a t i v e w r i t e r s a s h i e r a r c h i c CMoreby 1 9 7 5 , P o o l e 
1981, S h u j i A o k i 1980, S m i t h & Roggema 1 9 8 0 a ) . H e r b s t 
( 1 9 7 4 , p . 3 3 ) g o e s f u r t h e r a n d d e s c r i b e s t h e o r g a n i z a t i o n a s 
b u r e a u c r a t i c o f w h i c h a h i e r a r c h y i s a n e c e s s a r y p a r t . 
M o r e b y ( 1 9 7 5 , p. 4 4 ) f o l l o w i n g H e r b s t <1974. p. 3 4 ) 
c l a i m s t h a t t h i s h i e r a r c h i c a l s t r u c t u r e L m p l i e s 
p s y c h o l o g i c a l r o l e a t t r i b u t e s t o t h e m e m b e r s o f t h e 
h i e r a r c h y - t h u s s h i p m a s t e r s a r e f r e q u e n t l y v i e w e d a s 
i n f a l l i b l e ( r e g a r d l e s s o f t h e I n d i v i d u a l ) a n d r a t i n g s a r e 
f r e q u e n t l y v i e w e d a s i r r e s p o n s i b l e a n d i n c o m p e t e n t 
( r e g a r d l e s s o f i n d i v i d u a l s ) . 
B o t h M o r e by ( 1 9 7 5 , p p . 4 9 - 5 1 ) a n d S m i t h & Roggema 
( 1 9 7 9 b , 1 4 5 - 1 4 7 ) d r a w a t t e n t i o n t o t h e d i v i d e b e t w e e n 
o f f i c e r s a n d r a t i n g s . S m i t h & Roggema ( 1 9 7 9 b , p. 1 4 5 ) v i e w 
t h e d i v i d e i n t e r m s o f a ' c a s t e - l i k e ' d i v i s i o n w i t h l i t t l e 
c o m m o n a l i t y i n t a s k s a n d s t r i c t s o c i a l s e g r e g a t i o n . M o r e b y 
( 1 9 7 5 , p . 2 8 ) p u r s u e s t h e c o n s e q u e n c e s o f t h e d i v i d e a n d 
s h o w s how a u t o m a t i o n h a s l e f t t h e r e s i d u a l t a s k s a b o a r d a s 
c o n s i s t i n g o f h i g h l e v e l d e c i s i o n m a k i n g a n d l o w l e v e l 
m e n i a l t a s k s . He t h e r e f o r e p o s t u l a t e s t h a t o n e d e t r i m e n t a l 
r e s u l t o f a u t o m a t i o n i s t o p e r p e t u a t e t h e o f f i c e r — r a t i n g 
d i v i d e a n d , i n d e e d , t o make t h e d i v i d e m ore d i f f i c u l t t o 
c r o s s . 
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H e r b s t ( 1 9 7 4 , p. 3 6 ) h a s n o t e d t h a t i n r e c e n t y e a r s 
t h e r e m o v a l o f many d e c i s i o n s t o t h e s h o r e a n d t h e 
r e d u c t i o n i n c r e w n u m b e r s h a s e f f e c t i v e l y r e d u c e d t h e 
a u t h o r i t y o f o f f i c e r s . He n o t e s t h a t t h e y now make f e w e r 
h i g h l e v e l d e c i s i o n s a n d t h a t t h e r e i s l e s s s u p e r v i s i o n o f 
s u b o r d i n a t e s . A l s o when t h e r e u s e d t o b e l a r g e , s e p a r a t e 
d e p a r t m e n t s t h e c h i e f o f f i c e r a n d t h e 2 n d e n g i n e e r w o r k e d 
s e p a r a t e l y a n d a l l o c a t e d t a s k s t o t h e i r d e p a r t m e n t a l 
r a t i n g s ; now, w i t h r e d u c e d c r e w s a n d d u a l p u r p o s e r a t i n g s , 
c o l l a b o r a t i o n i s e s s e n t i a l b e t w e e n t h e d e p a r t m e n t a l h e a d s , 
a n d s o u n d work p l a n n i n g i s c r u c i a l f o r t h e e f f e c t i v e u s e o f 
a v a l l a b l e manpower. 
Moreby ( 1 9 7 5 , p . 5 0 ) , f o l l o w i n g E t z i o n i < 1 9 6 1 ) , h a s 
o u t l i n e d t h e d i f f e r i n g m e ans o f c o n t r o l t h a t c a n be e x e r t e d 
o v e r a w o r k f o r c e - n o r m a t i v e ( m o r a l i n f l u e n c e ) , c o e r c i v e 
( c o n t r o l by p u n i s h m e n t ) , a n d r e m u n e r a t i v e ( c o n t r o l by 
r e w a r d ) . He d i s t i n g u i s h e s b e t w e e n t h e b a l a n c e o f t h e s e u s e d 
t o c o n t r o l t h e o f f i c e r c l a s s a n d t h e r a t i n g c l a s s . He 
s t r e s s e s t h a t a n I m p o r t a n t p o i n t I n f u t u r e w o r k p l a n n i n g I s 
t o a c h i e v e t h e c o r r e c t b a l a n c e o f c o n t r o l l i n g i n f l u e n c e s . 
F i n a l l y , M o r e b y ( 1 9 7 5 , p p . 8 0 - 8 1 ) o n c e a g a i n p o i n t s 
o u t t h e w i d e v a r i e t y o f t e c h n i c a l c h o i c e s a v a i l a b l e t o 
a c h i e v e o b j e c t i v e s a n d t h e n e c e s s i t y o f m a k i n g t h e 
t e c h n i c a l c h o i c e o f w o r k a i d s f i t t h e d e s i r e d s o c i a l 
s t r u c t u r e w h i c h i s o r g a n i z e d t o p l a n a n d a c h i e v e t h e work. 
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<d) IMPROVEMENT IN JOB CONTENT OF R A T I N G S 
Moreby <1975, p . 2 6 ) q u o t e s M a s l o w <1954> a s 
d e s c r i b i n g o u r p r e s e n t a g e a s t h a t o f ' p s y c h i a t r i c a 1 1 y 
h e a l t h y man', h e p r o c e e d s t o d r a w on H e r z b e r g * s C 1 9 6 6 ) 
d e s c r i p t i o n o f ' i n s t r u m e n t a l man' t o p r e s e n t a p i c t u r e i n 
a c c o r d w i t h M c G r e g o r < 1 9 6 7 ) o f a m o d e r n w o r k e r n e e d i n g t o 
e x e r c i s e b o t h I n t e l l e c t u a l a s w e l l a s m o t o r a b i l i t i e s a n d 
who i s c o n s c i o u s o f b o t h p e r s o n a l a b u s e a n d g l o b a l a b u s e o f 
t h e s e a s a s r e g a r d s p o l l u t i o n . 
S h u j i A o k i ( 1 9 8 0 , p p . 3 5 - 3 7 ) e x p a n d s on t h i s theme a n d 
i n d i c a t e s t h e n e e d f o r s h i p p i n g o r g a n i z a t i o n s t o o r i e n t a t e 
t h e i r b u s i n e s s b e h a v i o u r t o w a r d s a h i g h e r l e v e l o f s o c i a l 
r e s p o n s i b i l i t y . He s u g g e s t s t h a t t h e o n b o a r d w o r k 
e n v i r o n m e n t s h o u l d be d i r e c t e d t o w a r d s q u a l i t y o f w o r k 
r a t h e r t h a n q u a n t i t y . He c i t e s two y o u t h c u l t u r e m o v e m e n t s 
- 'Work W o r t h D o i n g ' i n J a p a n a n d ' Q u a l i t y o f Work L i f e ' i n 
E u r o p e - w h i c h a r o s e s i m u l t a n e o u s l y a m o n g s t e d u c a t e d y o u t h 
who w e r e n o t s a t i s f i e d w i t h i n c r e a s e d l e i s u r e t i m e a n d 
m o n e t a r y r e w a r d , b u t demanded w o r t h w h i l e c a r e e r s a s w e l l . 
M oreby < 1 9 7 5 ) , S h u j i A o k i < 1 9 8 0 ) . a n d S m i t h & Roggema 
<1980a> a r e a l l i n a g r e e m e n t w i t h r e g a r d t o t h e n e e d f o r a 
f u n d a m e n t a l r e a p p r a i s a l o f t h e w o r k c o n t e n t o f s h i p s ' 
c r e w s . F u r t h e r m o r e t h e y a l l a g r e e t h a t , i n r e a l l o c a t i n g 
t a s k s w i t h i n t h e s h i p , t h e f e e l i n g s a n d n e e d s o f s e a f a r e r s 
m u st b e t a k e n i n t o h i g h a c c o u n t . 
Y a s u m i c h l K o i s h l <1981, p . 2 6 5 ) h a s s h o w n , f r o m 
Ph.D. T H E S I S P a g e 49 
2. L I T E R A T U R E R E V I E W 
r e s e a r c h v o y a g e s , how w o r k r e s t r u c t u r i n g t o a c c o m m o d a t e 
r e d u c e d c r e w s h a s t a k e n f o u r f o r m s :-
" ( a ) T h e r e p l a c e m e n t o f m a n u a l w o r k by p u t t i n g 
m a c h i n e s on b o a r d . 
( b ) T h e t r a n s f o r m a t i o n o f work on b o a r d i n t o work 
d o n e by m a c h i n e s o n s h o r e . 
( c ) T h e t r a n s f e r o f work p r e v i o u s l y d o n e on b o a r d 
t o t h e s h o r e . 
( d ) T h e t r a n s f o r m a t i o n o f work w i t h i n t h e s h i p . " 
T h e s h i p w a s c o n s i d e r e d a s a ' t e c h n o l o g i c a l 
s t r u c t u r e ' a n d a ' s o c i a l s t r u c t u r e ' a n d , u n f o r t u n a t e l y , 
Y a s u m i c h i K o i s h l c o u l d o n l y f o c u s on t h e t e c h n o l o g i c a l 
s t r u c t u r e b e c a u s e m e t h o d s f o r d e a l i n g w i t h t h e s o c i a l 
s t r u c t u r e w e r e n o t w e l l d e v e l o p e d . 
( e ) DEVELOPMENT OF ONBOARD T R A I N I N G 
S m i t h & Roggema <1979b, p. 1 5 5 ) i d e n t i f y t h e n e e d f o r 
new t r a i n i n g c o u r s e s a s h o r e t o p r e p a r e c r e w m e m b e r s f o r a n y 
c h a n g e s i n o r g a n i z a t i o n a l s t r u c t u r e . H e r b s t ( 1 9 7 4 , p. 5 9 ) 
g o e s f u r t h e r a n d p r o p o u n d s a m a j o r l e a r n i n g p r o g r a m m e t o be 
p u r s u e d a b o a r d t h e s h i p . H i s p r e l i m i n a r y f i n d i n g s i n d i c a t e 
( 1 ) A t r a i n i n g s c h e m e i n w h i c h s h i p s ' o f f i c e r s 
p e r f o r m t h e t r a i n i n g f u n c t i o n may p r o v i d e t h e I n i t i a l 
c o n d i t i o n r e q u i r e d f o r a c h a n g e i n t h e b a s i c c u l t u r e o f 
s h i p o r g a n i z a t i o n . S u c h a s c h e m e w o u l d t e n d t o b r e a k down 
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s o c i a l b a r r i e r s o n b o a r d . 
( 2 ) O f f i c e r s I n v o l v e d i n t e a c h i n g t e n d t o a c q u i r e 
a b e t t e r g r a s p o f a s u b j e c t a n d a r e m o t i v a t e d t o a c q u i r e 
f u r t h e r a p p r o p r i a t e t r a i n i n g t h e m s e l v e s . 
( 3 ) T h e e m p h a s i s s h o u l d n o t be on t h e e l e m e n t a r y 
t r a i n i n g o f y o u n g s a i l o r s , b u t o n t h e p r o v i s i o n o f 
c o n d i t i o n s f o r t h e d e v e l o p m e n t o f a t e a c h i n g — 1 e a r n i n g 
c u l t u r e b a s e d on t h e t o t a l c r e w on b o a r d . 
H e r b s t c o n t i n u e s w i t h a c r i t i c i s m o f p r e s e n t t r a i n i n g 
s c h e m e s by s t a t i n g t h a t t h e y a r e n o t d e s i g n e d , n o r 
s u f f i c i e n t , t o c r e a t e f u n d a m e n t a l c h a n g e s i n o r g a n i z a t i o n a l 
s t r u e t u r e . 
H e r b s t ( 1 9 6 8 & 1 9 6 9 ) n o t e s t h e p r o b l e m o f s h i p s ' 
o f f i c e r s b e i n g g i v e n r e s p o n s i b i l i t y f o r o p e r a t i o n s f o r 
w h i c h , o w i n g t o t e c h n i c a l a n d a d m i n i s t r a t i v e c h a n g e s , t h e y 
h a v e n o t h a d t h e r e q u i s i t e t r a i n i n g . 
M o r e b y ( 1 9 7 5 , p . 2 5 ) b u i l d s on H e r b s t ' s o b s e r v a t i o n 
a n d p r o v i d e s a n i n s i g h t i n t o a p r a c t i c a l p r o b l e m o f 
t r a i n i n g w h i c h i s e m e r g i n g . He d e s c r i b e s a c y c l e o f 
t e c h n i c a l i n n o v a t i o n f o l l o w e d by o b s o l e s c e n c e w h i c h i s 
b e c o m i n g o f e v e r s h o r t e r d u r a t i o n . T h u s p e r s o n s on b o a r d 
m u s t l e a r n t o f a m i l i a r i z e t h e m s e l v e s w i t h t e c h n o l o g i c a l 
a d v a n c e s a n d m a i n t a i n a r e c e p t i v e , l e a r n i n g f r a m e o f m i n d . 
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SUMMARY OF THE S O C I A L ENVIRONMENT 
T h e e x a m i n a t i o n o f t h e l i t e r a t u r e p e r t a i n i n g t o t h e 
s o c i a l e n v i r o n m e n t p r e s e n t s a d i s t u r b i n g p i c t u r e o f a p a s t 
a n d c o n t i n u i n g d i s r e g a r d f o r i n d i v i d u a l s . I t i s s e e n t h a t 
s e a f a r e r s , f o r r e a s o n s o f c o n v e n i e n c e , a r e s e e n a s 
' e x c h a n g e a b l e c o m p o n e n t s ' . T h i s l e a d s t o h i g h r o l e 
p r e s c r i p t i o n , l o w r o l e i n t e r d e p e n d e n c y , a n d t h e n e c e s s i t y 
f o r a c e n t r a l m e a s u r e o f c o m p e t e n c e a s s e s s m e n t . T h e 
c o n c l u s i o n i s a l s o d r a w n f r o m t h e l i t e r a t u r e t h a t many 
a u t h o r s a r e s e n s i n g t h e n e e d f o r c h a n g e i n t h e s o c i a l 
s t r u c t u r e a b o a r d s h i p s . T h i s I s p r i n c i p a l l y s e e n a s a move 
t o w a r d s r e m o v i n g t h e t r a d i t i o n a l h i e r a r c h i e s a n d 
d e p a r t m e n t a l b a r r i e r s . I t I s a l s o r e c o g n i s a b l e i n t h e 
d i s c u s s i o n s a s t o t a s k a l l o c a t i o n b e t w e e n s h i p a n d s h o r e 
a n d t h e v a r i a t i o n s p o s s i b l e i n t h e l o c a t i o n o f m a n a g e r i a l 
d e c i s I o n s . 
I m p o r t a n t p o i n t s r a i s e d b y t h e w r i t e r s c o n s u l t e d 
i n c l u d e t h e r e c o g n i t i o n t h a t s h i p b o a r d o r g a n i z a t i o n s m u s t 
become more f l e x i b l e a n d a d a p t a b l e t o c h a n g e . T h e s o c i a l 
o r g a n i z a t i o n a b o a r d e a c h i n d i v i d u a l s h i p m u s t m a t c h t h e 
t e c h n o l o g y p r o v i d e d on e a c h s h i p . A l s o t h e r e s h o u l d b e a 
r e g i m e o f c o n t i n u o u s a n d s h i p - b a s e d t r a i n i n g . F i n a l l y , b u t 
c e r t a i n l y n o t l e a s t , e m e r g e s t h e f a c t t h a t i t i s t h e 
s h i p b o a r d t a s k s , w h i c h e n d u r e t h r o u g h t i m e , w h i c h s h o u l d be 
e x a m i n e d ; n o t t h e t r a d i t i o n a l a n d a p p a r e n t l y q u e s t i o n a b l e 
r o l e s t r u c t u r e s . 
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2.2.4 L E G A L ENVIRONMENT 
D u n n i n g ( 1 9 8 4 a , pp. 1 2 - 1 9 ) h a s o u t l i n e d t h e 
l e g i s l a t i v e h i s t o r y a f f e c t i n g s e a f a r e r s . He a s s e r t s t h a t 
t h e f i r s t s t e p s t o w a r d s s e a f a r i n g l e g i s l a t i o n b e g a n i n 1 8 3 6 
a n d i n 1854 c e r t i f i c a t e s o f c o m p e t e n c y f o r m a s t e r s a n d 
m a t e s b e c a m e m a n d a t o r y a b o a r d B r i t i s h v e s s e l s . He n o t e s 
t h a t t h e e a r l y r e q u i r e m e n t s f o r a c e r t i f i c a t e o f c o m p e t e n c y 
w e r e more i n t e r m s o f t h e c a n d i d a t e s ' s o c i a l s u i t a b i l i t y , 
s o b r i e t y a n d h o n e s t y t h a n i n t h e p o s s e s s i o n o f p r o f e s s i o n a l 
s k i l l s . T h i s p o i n t i s a l s o r e c o g n i s e d b y T o b i n ( 1 9 8 2 a . 
p . 1 1 ) who c o n f i r m s t h a t s o c i a l a t t r i b u t e s a r e . e v e n t o d a y , 
g i v e n more e m p h a s i s t h a n t e c h n i c a l o r c o m m e r c i a l a b i l i t y 
when c o n s i d e r i n g ' t h e p r o c e s s by w h i c h a n o f f i c e r l e a r n s o f 
t h e j o b h e i s t o do, a n d i s j u d g e d on how h e h a s d o n e i t " . 
D u n n i n g ( 1 9 8 4 a , p. 1 2 ) t r a c e s t h e e m p h a s i s i n 
c o m p e t e n c y r e q u i r e m e n t s t h r o u g h t h e c h a n g i n g s o c i a l v a l u e s 
o f t h e l a s t 150 y e a r s , f r o m a n e m p h a s i s on s o b r i e t y a n d 
i n t e g r i t y t h r o u g h a n e r a o f t e c h n i c a l c o m p e t e n c e t o t h e 
p r e s e n t d a y w h e r e g r e a t e m p h a s i s i s l a i d o n t h e p r o t e c t i o n 
o f t h e e n v i r o n m e n t . 
Due t o t h e i n t e r n a t i o n a l n a t u r e o f e n v i r o n m e n t a l 
d e s t r u c t i o n c a u s e d by m a r i n e p o l l u t i o n , i n t e r n a t i o n a l 
b o d i e s h a v e b e e n e s t a b l i s h e d . T h e I n t e r n a t i o n a l M a r i t i m e 
O r g a n i z a t i o n a n d I n t e r n a t i o n a l L a b o u r O r g a n i z a t i o n (IMO & 
I L O ) . e a c h c h a r g e d w i t h a s p e c t s o f e n s u r i n g s a f e m a n n i n g o f 
s h i p s p l y i n g t h e h i g h s e a s ( P a r k e r 1 984, p . 2 8 ) . 
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IMO h a s two i m p o r t a n t i n f l u e n t i a l a r e a s :-
( 1 ) S t a n d a r d s o f t r a i n i n g a n d c e r t i f i c a t i o n o f 
w a t c h k e e p e r s <STCW) w h i c h d e f i n e t h e s k i l l s , k n o w l e d g e a n d 
e x p e r i e n c e w h i c h m u s t b e h e l d by t h e m a s t e r a n d 
w a t c h k e e p i n g o f f i c e r s a b o a r d s h i p f o r i t t o be c o n s i d e r e d 
s a f e . I t d o e s n o t d e a l s p e c i f i c a l l y w i t h n u m b e r s o f 
p e r s o n n e l w h i c h s h o u l d b e c a r r i e d a b o a r d s h i p . ( D u n n i n g 
19e4b, p 2 2 ) . 
( 2 ) S a f e M a n n i n g R e s o l u t i o n - w h i c h e n c o u r a g e s 
n a t i o n a l r e g u l a t o r y b o d i e s t o i s s u e s a f e m a n n i n g 
c e r t i f i c a t e s . I t i s v e r y much c o n c e r n e d w i t h n u m b e r s o f 
p e r s o n n e l w h i c h s h o u l d b e c a r r i e d a b o a r d s h i p . ( A n o n . 
1 9 8 4 a , p p . 1 6 - 1 7 ) . 
Moreby ( 1 9 8 1 a , p. 1 4 4 ) c r i t i c i s e s IMO s t a n d a r d s f o r 
t r a i n i n g , c e r t i f i c a t i o n a n d w a t c h k e e p i n g i n t h a t t h e y a r e 
' a r i g i d s e t o f m a n n i n g r u l e s w h i c h c a n n o t b e r e l a x e d f o r a 
p a r t i c u l a r l y r e s p o n s i b l e c o u n t r y f o r f e a r t h a t l e s s 
r e s p o n s i b l e o p e r a t o r s w i l l t a k e u n f a i r a d v a n t a g e o f t h e 
l o o p h o l e s . * 
D u n n i n g ( 1 9 8 4 a , p . 1 9 ) p u r s u e s t h e p o i n t o f 
I r r e s p o n s i b l e o p e r a t o r s a n d a r g u e s t h a t t h o s e r e s p o n s i b l e 
f o r m a k i n g s t a f f a p p o i n t m e n t s t o s h i p s s h o u l d t h e m s e l v e s b e 
a d j u d g e d c o m p e t e n t a n d b e a c c o u n t a b l e . He c i t e s s e v e r a l 
c a s e s o f u n s u i t a b l e p e o p l e b e i n g a p p o i n t e d t o e x p e n s i v e 
s h i p s , some w i t h h a z a r d o u s c a r g o e s , w i t h t h e f u l l k n o w l e d g e 
o f t h e s h o r e o p e r a t o r s . 
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P a r k e r (1984, pp.28-29) p o i n t s out t h a t s u c h 
o c c u r r e n c e s a r e not p r o b l e m s of l e g i s l a t i o n but of 
e n f o r c e m e n t . He p r o c e e d s to draw a t t e n t i o n to the 
c o n f l i c t i n g i n t e r e s t s of g o v e r n m e n t a l r e g u l a t o r y b o d i e s , 
e m p l o y e r s ' o r g a n i z a t i o n s , and t r a d e s ' u n i o n s . He makes out 
a c a s e f o r p r o f e s s i o n a l i n s t i t u t e s t o be more i n v o l v e d w i t h 
competency a s s e s s m e n t . 
Dunning <1984.a, p. 14) q u e s t i o n s t h e v a l i d i t y of a 
' c e r t i f i c a t e of competency' a s d e m o n s t r a t i n g competence. He 
c l a i m s t h e c e r t i f i c a t e d e m o n s t r a t e s o n l y two t h i n g s 
<1) The p o s s e s s o r h a s s e r v e d a minimum p e r i o d 
a t s e a s a t i s f a c t o r i l y <which may o n l y mean he was not 
d e m o n s t r a b l y u n s u i t a b l e ) . 
< l i ) He h a s been a b l e t o d e m o n s t r a t e a broad 
a p p r e c i a t i o n of b a s i c p r o f e s s i o n a l and t e c h n i c a l s k i l l s . 
I n t e r n a t i o n a l s t a n d a r d s of s h i p s ' equipment h a v e a l s o 
been produced by an i n t e r n a t i o n a l c o n v e n t i o n , S a f e t y Of 
L i f e At S e a (SOLAS 1 9 7 4 ) , w h i c h d e f i n e d t h e s t a t u t o r y 
equipment o u t f i t f o r v a r i o u s s h i p t y p e s ( M i l l a r 1980, 
p . 1 0 ) . Moreby (1981a, p.144) n o t e s t h a t s u c h a r e t h e 
i n t e r n a t i o n a l a n o m a l i e s between r e s p o n s i b l e and 
i r r e s p o n s i b l e c o u n t r i e s t h a t t r e n d s a r e to make a s h i p s a f e 
to e n t e r p o r t r a t h e r t h a n s a f e t o go t o s e a . 
Not o n l y does n a t i o n a l and i n t e r n a t i o n a l l e g i s l a t i o n 
impinge on s h i p s ' c r e w s and s h i p s ' equipment but i t can 
a l s o impinge on t h e r o u t e s w h i c h s h i p s may f o l l o w by t h e 
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i m p o s i t i o n o f c o m p u l s o r y t r a f f i c schemes and v e s s e l t r a f f i c 
s e r v i c e s . Once a g a i n t h e p r o b l e m h e r e i s one of e n f o r c e m e n t 
r a t h e r t h a n l e g i s l a t i o n . 
SUMMARY OF THE LEGAL ENVIRONMENT 
T h i s b r i e f r e v i e w of t h e l i t e r a t u r e r e l a t i n g to t h e 
i n f l u e n c e s of l e g i s l a t i o n on s h i p s ' c r e w s d e m o n s t r a t e s t h a t 
competence r e q u i r e m e n t s of t h e o f f i c e r s have p a s s e d t h r o u g h 
t h r e e e r a s . They were i n i t i a t e d t o s a f e g u a r d t h e v j e n t u r e 
c a p i t a l of m e r c h a n t s and p r o g r e s s e d t o become a s s u r a n c e s of 
an i n d i v i d u a l ' s t e c h n i c a l c ompetence s a f e l y t o t a k e c h a r g e 
of a s h i p . They a r e now not o n l y an a s s e s s m e n t of s o c i a l 
s u i t a b i l i t y and t e c h n i c a l s k i l l s but i n c o r p o r a t e an 
i n t e r n a t i o n a l a w a r e n e s s of t h e r i s k s w h i c h a modern 
merchant v e s s e l p o s e s to human l i f e and i t s p h y s i c a l and 
f i n a n c i a l e n v i r o n m e n t s . T h i s moral f a c t o r i s s e e n a s 
i m p o r t a n t s i n c e most a u t h o r s n o t e t h a t e n f o r c e m e n t of 
l e g i s l a t i o n I s e x t r e m e l y d i f f i c u l t and i t i s t h u s v e r y much 
l e f t t o i n d i v i d u a l m a s t e r s and o f f i c e r s t o comply w i t h t h e 
a p p r o p r i a t e l e g a l r e q u i r e m e n t s even though s a n c t i o n s f o r 
n o n - c o m p l i a n c e a r e h i g h l y u n l i k e l y . 
Most of t h e l i t e r a t u r e r e l a t i n g t o l e g i s l a t i v e 
r e q u i r e m e n t s f o r s h i p s , and n o t r e f e r r e d t o i n t h i s t h e s i s , 
i s aimed s p e c i f i c a l l y a t t h e i n i t i a l s t r e n g t h and 
s e a w o r t h i n e s s of the v e s s e l and t h e i t e m s o f equipment 
w i t h w h i c h s h e I s f i t t e d . By c o m p a r i s o n t h e l e g i s l a t i o n 
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c o n c e r n i n g the p e r s o n n e l a b o a r d i s m i n i m a l . The r e a l e f f e c t 
of t h e l e g a l e n v i r o n m e n t i s to p r o v i d e minimum s t a n d a r d s of 
s a f e t y and p r o v i d i n g t h e s e a r e met t h e r e i s l i t t l e to 
p r e v e n t t h e i n t r o d u c t i o n of I n n o v a t i v e s h i p b o a r d 
o r g a n i z a t i o n a l s t r u c t u r e s . 
SUMMARY OF THE SHIPPING ENVIRONMENTS 
A summary of t h e f i n d i n g s o f t h e r e v i e w pf t h e 
l i t e r a t u r e d e s c r i b i n g how t h e e n v i r o n m e n t s a f f e c t t h e 
o p e r a t i o n of s h i p s i s p r e s e n t e d a s f i g u r e 2.6. T h i s 
i l l u s t r a t e s t h a t t h e economic e n v i r o n m e n t , v i a r e c e s s i o n 
and t h i r d w o r l d c o m p e t i t i o n , i s p r e s s i n g f o r a r e d u c t i o n I n 
c r e w s i z e s . T h i s p r e s s u r e i s b e i n g augmented by t h e 
t e c h n i c a l e n v i r o n m e n t which, by demanding more s p e c i a l i z e d 
and m e c h a n i z e d s h i p s . I s r e m o v i n g t r a d i t i o n a l l a b o u r 
i n t e n s i v e f u n c t i o n s from t h e s h i p . As t h e c r e w s i z e s a r e 
r e d u c i n g t h e n t h e l e v e l of t e c h n o l o g i c a l s u p p o r t i s 
i n c r e a s i n g s o t h a t t h e r e m a i n i n g c r e w members may s t i l l 
p e r f o r m s a t i s f a c t o r i l y . 
P r e s s u r e s f o r change h a v e a r i s e n i n t h e s o c i a l 
e n v i r o n m e n t c a u s i n g v a r i a t i o n s I n t h e o r g a n i z a t i o n of 
s h i p b o a r d work g r o u p s I n o r d e r to p r o d u c e more i n d u s t r i a l 
democracy and w o r t h w h i l e j o b s . 
The c o m b i n a t i o n of c h a n g i n g t e c h n o l o g y and r e v i s e d 
s o c i a l work g r o u p s can p r o v i d e an i n t e g r a t e d p r o f e s s i o n a l 
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w o r k f o r c e c a p a b l e of a c h i e v i n g t h e f u n c t i o n s which a r e 
n e c e s s a r y s a f e l y t o o p e r a t e s h i p s . The l e g a l e n v i r o n m e n t , 
which imposes minimum s t a n d a r d s of p e r s o n n e l q u a l i f i c a t i o n s 
and minimum s t a n d a r d s of equipment, w h i l s t not p r e v e n t i n g 
the f o r m a t i o n of s u c h an i n t e g r a t e d group w i l l c l o s e l y 
m o n itor p e r f o r m a n c e of s u c h a group and ad a p t l e g i s l a t i o n 
a c c o r d i n g l y to e i t h e r s u p p o r t o r I n h i b i t s u c h 
organ 1 z a t iona1 a d v a n c e s . 
H e r b s t (1974, pp. 54-62) and S m i t h & Roggema <1980a, 
pp.241-254> both s u g g e s t , w i t h o u t e m p i r i c a l e v i d e n c e , t h a t 
t h e I d e a l s o l u t i o n to t h e s h i p b o a r d o r g a n i z a t i o n a l p r o b l e m s 
p r e s e n t e d by t h e s h i p p i n g e n v i r o n m e n t i s a m a t r i x manning 
sys t e m . 
MATRIX MANNING 
H e r b s t C1974, p.54) d e f i n e s a m a t r i x o r g a n i z a t i o n i n 
t h e f o l l o w i n g terms: 
"A m a t r i x o r g a n i z a t i o n i s one t h a t d o e s not have 
any s i n g l e d i v i s i o n o f f u n c t i o n s , s u c h a s deck 
and machine, but p e r m i t s t h e f o r m a t i o n o f t h e s e 
and o t h e r s u b g r o u p s a c c o r d i n g t o t h e n a t u r e of 
the t a s k t o be performed. The m a t r i x o r g a n i z a t i o n 
does not c o n t a i n b u i l t - i n s t a t u s d i f f e r e n c e s ; i t 
i s b a s e d on t h e a s s u m p t i o n t h a t e a c h o f f i c e r h a s 
a s p e c i a l i s t r o l e t o g e t h e r w i t h a r a n g e of t a s k 
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competences w h i c h p a r t l y o v e r l a p s t h e c o m p e t e n c e s 
of o t h e r o f f i c e r s . Any o f f i c e r may t h u s , 
depending on t h e n a t u r e of t h e t a s k t o be done, 
t a k e on a l e a d e r s h i p r o l e o r a c t a s a member of a 
s p e c i f i c t a s k group." 
T h i s d e f i n i t i o n I s s u p p o r t e d by T h o r s r u d C1980, p.19) 
who s t a t e s t h a t , 
" M a t r i x o r g a n i s a t i o n I s b a s e d on two p r i n c i p l e s 
opposed to t h a t o f u n i f o r m , h i e r a r c h i c a l 
o r g a n i s a t i o n . E a c h p e r s o n i s assumed to c o v e r 
more than one work r o l e . And e a c h p e r s o n i s 
assumed to a l t e r n a t e between d i f f e r e n t r o l e s and 
s t a t u s l e v e l s . The o v e r l a p p i n g between r o l e s i s 
l i m i t e d b e c a u s e some d e g r e e o f s p e c i a l i s a t i o n i s 
r e q u i r e d . " 
S m i t h a Roggema C1980a, p.249) a s s e r t t h a t t h e m a t r i x 
c o n c e p t p r e s u p p o s e s o f f i c e r s w i t h a b r o a d e r r a n g e of b a s i c 
and s p e c i a l i s t s k i l l s . They t h e n p r o c e e d t o e n u m erate t h e 
f o u r b a s i c c h a r a c t e r i s t i c s of a m a t r i x o r g a n i z a t i o n . 
1. P r i m a r y and s e c o n d a r y r o l e s . E a c h o f f i c e r h a s a 
s u f f i c i e n t r a n g e of s k i l l s s o t h a t he c a n t a k e up p r i m a r y 
and s e c o n d a r y work r o l e s i n t h e o r g a n i z a t i o n . The o f f i c e r 
i s t r a i n e d to a b a s i c p r o f i c i e n c y I n a number of s k i l l s , 
f o r example n a v i g a t i o n , m e c h a n i c a l e n g i n e e r i n g , 
e l e c t r o n i c s . H i s f u r t h e r e d u c a t i o n i n v o l v e s an i n - d e p t h 
t r a i n i n g i n one of t h e major a r e a s o f e x p e r t i s e , f o r 
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example n a v i g a t i o n . On b o a r d s h i p h i s s p e c i a l i s t s k i l l s 
d e f i n e h i s p r i m a r y r o l e , and h i s b a s i c p r o f i c i e n c i e s 
d e t e r m i n e the a r e a s where he works i n a b ack-up o r 
a s s i s t a n t c a p a c i t y . 
2. T a s k - b a s e d l e a d e r s h i p . With the c r e a t i o n of 
p r i m a r y and s e c o n d a r y r o l e s i n t h e m a t r i x o r g a n i z a t i o n the 
l e v e l of r e s p o n s i b i l i t y and t h e work domain of t h e o f f i c e r 
a r e b o t h e n l a r g e d . I n h i s p r i m a r y r o l e he w i l l h a v e a 
h i g h e r l e v e l of r e s p o n s i b i l i t y f o r a s h i p b o a r d s y s t e m w h i c h 
r e q u i r e s him to be r e s p o n s i b l e f o r t h e o p e r a t i o n , p l a n n i n g , 
c o n t r o l and e x e c u t i o n of m a i n t e n a n c e , and a d m i n i s t r a t i v e 
back-up, f o r t h a t s y s t e m . I n normal c o n d i t i o n s he w i l l 
p e r f o r m t h e m a j o r i t y of t a s k s h i m s e l f . O c c a s i o n a l l y t h e 
w o r k l o a d may be s u c h a s to r e q u i r e t h e a s s i s t a n c e of o t h e r 
o f f i c e r s , o r the t a s k may r e q u i r e a d e g r e e of s k i l l o n l y 
p o s s e s s e d by o t h e r s . T h e s e o f f i c e r s w i l l be a s s i s t i n g him 
i n t h e i r s e c o n d a r y r o l e and t h e o f f i c e r w i t h t h e p r i m a r y 
r e s p o n s i b i l i t y f o r t h e s y s t e m w i l l a c t a s t h e t a s k l e a d e r . 
At o t h e r t i m e s he w i l l work i n h i s s e c o n d a r y r o l e , 
a s s i s t i n g t h e o t h e r o f f i c e r s i n t h e i r a r e a s of p r i m a r y 
r e s p o n s i b i l i t y . I n c o m p a r i s o n t o t h e c o n v e n t i o n a l c h a i n o f 
command o r g a n i z a t i o n where l e a d e r s h i p i s b a s e d on r a n k , i n 
t h e m a t r i x o r g a n i z a t i o n l e a d e r s h i p i s b a s e d on t a s k 
r e s p o n s i b i l i t y . E a c h o f f i c e r i n t h e m a t r i x w i l l t h e r e f o r e 
have both a l e a d e r s h i p r o l e and a number of s u b o r d i n a t e 
r o l e s , d e p e n d i n g on t h e s y s t e m b e i n g worked on. 
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3. T a s k - b a s e d group f o r m a t i o n . The p r i m a r y and 
s e c o n d a r y r o l e s t r u c t u r e of t h e m a t r i x o r g a n i z a t i o n g i v e s 
r i s e t o a v a r i e t y of s u b - g r o u p s of o f f i c e r s b a s e d on t a s k 
r e q u i r e m e n t s . I n h i s p r i m a r y r o l e t h e o f f i c e r w i l l be a 
l e a d e r of one s u c h group, and i n h i s s e c o n d a r y r o l e he w i l l 
be a member of o t h e r t a s k g r o u p s . The o r g a n i z a t i o n i s 
e s s e n t i a l l y a m a t r i x of f u n c t i o n s on t h e one a x i s and 
i n d i v i d u a l s w i t h m u l t i p l e s k i l l s on t h e o t h e r . T h i s i s 
s c h e m a t i c a l l y i l l u s t r a t e d i n f i g u r e 2.7. T h e f l e x i b l e 
i n t e r n a l s t r u c t u r e of t h e m a t r i x o r g a n i z a t i o n I s i n marked 
c o n t r a s t t o t h e d e p a r t m e n t s t r u c t u r e of t h e c o n v e n t i o n a l 
o r g a n i z a t i o n . The f o r m a t i o n of d i f f e r e n t t a s k g r o u p s 
a c c o u n t s f o r t h e c a p a c i t y of t h e m a t r i x o r g a n i z a t i o n to 
meet v a r y i n g w o r k l o a d s b a s e d on t h e g r e a t e r v e r s a t i l i t y of 
i n d i v i d u a l s . 
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& 9, 
I t i s i m p o r t a n t to n o t e t h a t w i t h i n t h e l i t e r a t u r e 
a r e comments s u c h a s H e r b s t ' s " a s s u m p t i o n " t h a t e a c h 
o f f i c e r h a s a s p e c i a l i s t r o l e , and S m i t h & Roggema*s 
" p r e s u p p o s i t i o n " t h a t o f f i c e r s h a v e a b r o a d e r r a n g e of 
b a s i c and s p e c i a l i s t s k i l l s . T h o r s r u d makes t h e 
" a s s u m p t i o n " t h a t p e r s o n s a l t e r n a t e between d i f f e r e n t r o l e s 
and s t a t u s l e v e l s . 
C l e a r l y i f m a t r i x manning i s t o work i n p r a c t i c e t h e n 
I t must be d e t e r m i n e d t h a t t h e r e e x i s t p r i m a r y and 
s e c o n d a r y r o l e s a b o a r d s h i p s . I t must be d e m o n s t r a t e d t h a t 
t h e r e a r e two l e v e l s of p e r f o r m a n c e of f u n c t i o n s , one of 
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which demands a p r i m a r y r o l e o p e r a t o r and t h e o t h e r w h i c h 
may be p e r f o r m e d by an o p e r a t o r a c t i n g i n a s e c o n d a r y r o l e . 
E q u a l l y , the f u n c t i o n s f o r a l l o t t m e n t to p r i m a r y and 
s e c o n d a r y o p e r a t o r s must be i d e n t i f i e d and r e c o r d e d i n 
o r d e r c o m p l e t e l y t o d e f i n e t h e m a t r i x . 
Thus i t i s n e c e s s a r y to i d e n t i f y t h e f i x e d f u n c t i o n s 
which must be p e r f o r m e d and a method of a n a l y z i n g s u c h 
f u n c t i o n s so t h a t t h e y may be a l l o t t e d a s p r i m a r y o r 
s e c o n d a r y r o l e f u n c t i o n s . I n o r d e r t o a s s i s t t h i s p r o c e s s a 
l i t e r a t u r e s e a r c h was i n s t i t u t e d i n t o t h e f i e l d s o f 
J o b / t a s k and s k i l l s a n a l y s i s t o l o c a t e a s u i t a b l e 
a n a l y t i c a l t o o l . 
2.3 JOB/TASK AND S K I L L S ANALYSIS 
O r i g i n a l l y j o b a n a l y s i s t e c h n i q u e s were u s e d f o r t h e 
p u r p o s e of Job e v a l u a t i o n , i e . t h e a s s e s s m e n t of t h e 
monetary wo r t h of a Job ( L i v y 1975, p. 13) . Many a u t h o r s 
have w r i t t e n g u i d a n c e t e x t s on a n a l y t i c a l methods w h i c h 
a s s i s t i n t h e e v a l u a t i o n p r o c e s s , n o t a b l y B r a d l e y (1979, 
p p . 3 - 9 ) , B u r n s (1978, pp.1-35) and Thomason (1980, pp.6-28 
and 6 0 - 1 7 9 ) . Between them t h e y p r o v i d e 9 methods of 
a n a l y s i s , some q u a l i t a t i v e and some q u a n t i t a t i v e . 
Husband (1976, p.39) i s q u i t e c a t e g o r i c a l i n s t a t i n g 
t h a t a n a l y s i s f o r e v a l u a t i o n s h o u l d be a d d r e s s e d to the j o b 
a l o n e and t h e a b i l i t i e s o f t h e w o rker a r e of no c o n c e r n . He 
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s t a t e s ' j o b a n a l y s i s i s what i t s a y s : t h e a n a l y s i s of t h e 
j o b I n terms of t h e c o n t e n t and r e q u i r e m e n t s of t h e j o b . I t 
i s not a t a l l c o n c e r n e d w i t h t h e a b i l i t i e s of t h e worker 
who does the j o b . ' T h i s c o n t r a s t s w i t h E l i z u r <1980, p.78) 
who m a i n t a i n s t h a t t h e r e a r e 3 main f a c t o r s i n j o b a n a l y s i s 
i d e n t i f i c a t i o n ; d e s c r i p t i o n ; human r e q u i r e m e n t . Thus 
E l i z u r t a c i t l y assumes t h a t i t I s not p o s s i b l e p r a c t i c a l l y 
to s e p a r a t e the worker from the work b e i n g a n a l y z e d . He 
m a i n t a i n s 'Human r e q u i r e m e n t i n f o r m a t i o n i s of major 
i m p o r t a n c e f o r r e c r u i t m e n t , s e l e c t i o n and t r a i n i n g ' . 
However both E l i z u r and Husband a g r e e t h a t j o b 
a n a l y s i s may be u s e d f o r p u r p o s e s o t h e r than wage 
b a r g a i n i n g . Husband (1976, p.47) p a r t i c u l a r l y m e n t i o n s ' j o b 
a n a l y s e s and d e s c r i p t i o n s c a n be us e d a s b a s i c b u i l d i n g 
b l o c k s f o r o r g a n i z a t i o n r e s t r u c t u r i n g , where 
r e s p o n s i b i l i t i e s a r e moved from one j o b t o a n o t h e r and 
i n d i v i d u a l j o b s a r e r a t i o n a l i z e d t o a l l o w f o r o p t i m a l u s e 
of s k i l l s and a b i l i t i e s ' . 
P a t e r s o n C1975a, pp.23-30) s e l e c t e d d e c i s i o n making 
a s t h e main c r i t e r i o n f o r wage s t r u c t u r e s and p r o d u c e d s i x 
d e c i s i o n bands which, he c l a i m e d , c o v e r a l l l e v e l s of 
j o b s : -
U n s k i l l e d 
S e m i - s k i l l e d 




I n o r d e r t o p e r f o r m a j o b e v a l u a t i o n e x e r c i s e 
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P a t e r s o n <l975a, p.29) r e c o g n i z e s t h a t j o b a n a l y s i s i s 
n e c e s s a r y . He s t a t e s <p. 31) t h a t 'A j o b c a n be a n a l y s e d 
i n terms of the a c t i v i t i e s i n v o l v e d , e i t h e r by a n a l y s i n g 
t h e major f u n c t i o n and b r e a k i n g i t down I n t o I t s p a r t s then 
g r o u p i n g some of t h e s e p a r t s a s t h e s t r u c t u r i n g o f t h e j o b , 
or by d i r e c t l y o b s e r v i n g t h e a c t i v i t i e s of t h e j o b and 
c o n s t r u c t i n g t h e j o b from them'. F u r t h e r , he makes th e 
i m p o r t a n t p o i n t <p.28) t h a t a j o b a n a l y s i s s h o u l d be made 
f o r e a c h d e c i s i o n band u s i n g d e s c r i p t i o n s of t h e e l e m e n t s 
t h a t a r e n e c e s s a r y to t h e o p e r a t i o n s of e a c h band. Thus 
u n s k i l l e d work i s d e s c r i b e d by means of s i m p l e t o o l s and 
a c h i e v e m e n t s w h e r e a s t h e work of t h e d e p a r t m e n t manager 
would be d e s c r i b e d i n t e r m s o f d e c i s i o n s and 
r e s p o n s i b i 1 I t l e s . 
However L l v y <1975, p.52) w a r n s a g a i n s t t h i s e s s e n t i a l l y 
a n a l y t i c a p p r o a c h and s t a t e s t h a t " t h e t o t a l i t y o f a j o b i s 
g r e a t e r t han t h e sum of i t s p a r t s " . T h i s i s i m p o r t a n t 
b e c a u s e i t h a s I m p l i c a t i o n s f o r t h e ' e x c h a n g e a b l e component 
manning' i d e n t i f i e d e a r l i e r by S m i t h & Roggema <l979a> and 
H e r b s t <1974). I t would a p p e a r t h a t , a c c o r d i n g to L l v y 
<1975, pp.127-129) i t i s not s u f f i c i e n t to i d e n t i f y a r o l e 
by t h e number and n a t u r e of t a s k s of w h i c h i t c o n s i s t s ; 
r a t h e r a r o l e would be b e t t e r i d e n t i f i e d by d e s c r i b i n g 
h o l i s t i c f u n c t i o n s w h i c h must be a c h i e v e d . T h i s would 
appear to a g r e e w i t h t h e s t r i c t u r e of Husband <1976. p.39) 
Inasmuch a s the f u n c t i o n s r e q u i r e d t o be p e r f o r m e d c o u l d be 
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d e s c r i b e d w i t h no r e f e r e n c e to a worker. I n d e e d t h e 
f u n c t i o n may be f u l f i l l e d by man o r machine o r by some 
c o m b i n a t i o n of each. At f i r s t g l a n c e t h i s would a p p e a r to 
i n v a l i d a t e the work of P a t e r s o n s i n c e he u s e s p e r s o n a l 
terms s u c h a s Chairman and Works Manager. However i f one 
l o o k s p a s t t h e t e r m i n o l o g y t o t h e u n d e r l y i n g band of 
d e c i s i o n s t h e n i t i s c l e a r t h a t i f a s e r i e s o f f u n c t i o n s 
a r e p e r f o r m e d then some w i l l h a v e h i g h e r d e c i s i o n l e v e l s i n 
terms of t h e c r i t i c a l i t y and t i m e s p a n o f e f f e c t o f t h e 
f u n c t i o n . Whether the d e c i s i o n i s made by man, m achine-
a s s i s t e d man, o r t o t a l l y a u t o m a t i c a l l y does not a f f e c t the 
l e v e l of t h e d e c i s i o n . 
A f e a t u r e of w o r k e r s moving t h r o u g h t h e d e c i s i o n 
bands of P a t e r s o n i s p r o m o t i o n w h i c h i s f r e q u e n t l y a l l i e d 
to t r a i n i n g . J o b / t a s k a n a l y s i s h a s been found t o be o f u s e 
i n t h e f i e l d of t r a i n i n g . B r o c k e t a l . < 1 9 7 5 , pp.28-31) 
d e s c r i b e how J o b / t a s k a n a l y s i s h a s been u s e d by t h e US. 
Navy t o a s s i s t i n t r a i n i n g by d e t e c t i n g common c o r e 
knowledge and s k i l l o b j e c t i v e s . The J o b / t a s k a n a l y s i s 
p r o c e d u r e was t h e n u t i l i z e d t o p r o d u c e f i v e s p e c i a l i s t 
t r a i n i n g programmes w h i c h were f o l l o w e d a f t e r s t u d e n t s had 
c o m p l e t e d t h e common c o r e programme. D e C o t l l s & Morano 
(1977, pp.20-24) e m p h a s i s e t h e need f o r t r a i n i n g schemes to 
be b a s e d on sound j o b o r t a s k a n a l y s i s methods. F o l e y 
(1973, pp.28-39) d e s c r i b e s how t a s k a n a l y s i s c a n be u s e d 
<1) f o r d e t e r m i n i n g p r e c i s e o b j e c t i v e s and c o n t e n t of 
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i n i t i a l j o b t r a i n i n g and ( 2 ) f o r p r e p a r i n g i n s t r u c t i o n s f o r 
t a s k s of m a i n t e n a n c e J o b s . The t a s k a n a l y s i s p r o c e s s 
i n c l u d e s both t a s k I d e n t i f i c a t i o n and t h e a n a l y s i s of 
i d e n t i f i e d t a s k s . F r e d a & L o o l i o a n (1975, pp.22-27) a l s o 
d e s c r i b e t h e a p p l i c a t i o n of t a s k a n a l y s i s t o t r a i n i n g n e e d s 
i n a s i n g l e o r g a n i z a t i o n . I n t h e l i t e r a t u r e p e r t a i n i n g t o 
t r a i n i n g a u s e f u l c o n c e p t of competence h a s been d e v e l o p e d 
by which i s meant more than J u s t t h e s k i l l s and knowledge 
r e q u i r e d f o r a j o b . Rakow (1982, pp.18-19) s t a t e s t h a t f o r 
an o p e r a t o r t o be competent he must be c a p a b l e o f 
p e r f o r m i n g f i v e s e p a r a t e f u n c t i o n s - p r e p a r a t i o n ; 
p e r f o r m a n c e ; m o n i t o r i n g ; t r o u b l e s h o o t i n g ; and e v a l u a t i o n . 
Zemke (1982, pp.28-31) s p e a k s of 'competency m o d e l i n g ' 
where 'we a r e a f t e r a f u n c t i o n a l a n a l y s i s r a t h e r t h a n a 
c o m p l e t e d e s c r i p t i o n of a l l p o s s i b l e Job t a s k s ' . 2emke 
draws on p r e v i o u s u n p u b l i s h e d work by A r t h u r E. Worth where 
he (Worth) d i v i d e s c o m p e t e n c i e s i n t o t h r e e c l a s s e s : 
1. A d m i n i s t r a t i v e c o m p e t e n c i e s - I n v o l v i n g DATA. 
2. T e c h n i c a l c o m p e t e n c i e s - I n v o l v i n g THINGS 
3. P e r s o n a l c o m p e t e n c i e s - I n v o l v i n g PEOPLE 
B e c k e r (1977, pp.21-22) c i t e s s i x a r e a s t h a t 
t o g e t h e r c o m p r i s e competency : Knowledge; U n d e r s t a n d i n g ; 
S k i l l ; V a l u e ; A t t i t u d e ; I n t e r e s t . T h i s i s i n b r o a d 
agreement w i t h t h e competency demanded o f s h i p ' s o f f i c e r s 
a s d e s c r i b e d by Dunning (1984a, pp. 1 2 - 1 9 ) , where knowledge, 
u n d e r s t a n d i n g and s k i l l a r e a s s e s s e d a s t e c h n i c a l 
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competence; v a l u e s and a t t i t u d e s a r e f o s t e r e d i n terms of 
e n v i r o n m e n t a l a w a r e n e s s , and i n t e r e s t i s assumed a t 
r e c r u i t m e n t s t a g e . However t r a i n i n g i s , f o r s e a f a r e r s , a 
phenomenon wh i c h they e x p e r i e n c e o n l y e a r l y i n t h e i r 
c a r e e r s . D u r i n g a l o n g c a r e e r a t s e a much t e c h n o l o g i c a l 
change w i l l be e x p e r i e n c e d and some of t h e s e a d v a n c e s w i l l 
c e r t a i n l y e n t a i l the r e s t r u c t u r i n g of j o b s . T h i s h a s 
a l r e a d y o c c u r r e d w i t h t h e a d v e n t of r a d a r , s a t e l l i t e 
n a v i g a t i o n , and t h e unmanned m a c h i n e r y s p a c e . 
Job and t a s k a n a l y s i s h a s been u s e d f o r t h e 
r e s t r u c t u r i n g of j o b s due t o t h e a d v e n t o f new t e c h n o l o g y . 
B a i l e y <1983, p.241) p o s e s t h e q u e s t i o n ' a r e t h e r e 
a l t e r n a t i v e s and o p t i o n s a v a i l a b l e w h i c h c a n l e a d t o a 
s a t i s f a c t o r y f i t between t h e new t e c h n i c a l and s o c i a l 
s y s t e m s I n v o l v e d ?' . He a l s o Cp.225) d e t e r m i n e s t h e 
e x i s t e n c e of key v a r i a b l e s w h i c h have I m p l i c a t i o n s f o r t h e 
a p p l i c a t i o n of new t e c h n o l o g y . T h e s e v a r i a b l e s , f i g u r e 2.8, 
b e a r g r e a t s i m i l a r i t y t o t h o s e d e t e c t e d I n f i g u r e 2.6, page 




KEY VARIABLES AFFECTED BY APPLICATION OF NEW TECHNOLOGY 
(AFTER B A I L E Y 1983) 
F i g u r e 2.8 
Ph.D. T H E S I S Page 69 
2. LITERATURE REVIEW 
B a s s <1982, p.179) I n f o r m s us t h a t modern 
t e c h n o l o g y f o r c e s the u s e of work teams. F u r t h e r , t h e s e 
teams f r e q u e n t l y have to be s e t up to p e r f o r m s p e c i f i c 
f u n c t i o n s where no one s p e c i a l i s t c a n h a v e a l l t h e 
n e c e s s a r y sk i1 I s . B l r c h a l 1 (1975, pp.39-44) a l s o s t r e s s e s 
the I m p o r t a n c e of team g r o u p s . He d e s c r i b e s a team group a s 
' (a group) I n w h i c h members d e s i g n a t e t h e p o s i t i o n s t o be 
f i l l e d and t h e p e o p l e to f i l l them, c h a n g i n g a l l o c a t i o n of 
members to p o s i t i o n s a s r e q u i r e d . S u c h g r o u p s a r e f a i r l y 
autonomous, r e c e i v i n g v e r y l i t t l e s u p e r v i s i o n , and o f t e n 
w o r k i n g w i t h i n b r o a d terms of r e f e r e n c e e s t a b l i s h e d by 
s u p e r v i s i o n ' . B i r c h a l l w h i l e d e s c r i b i n g t h e c h a r a c t e r i s t i c s 
of s u c h g r o u p s i n f o r m s u s t h a t 'The p r i m a r y o p e r a t i o n a l 
p u rpose of t h e f o r m a l work group i s t o f a c i l i t a t e t h e 
e f f i c i e n t s u b d i v i s i o n of work w h i c h i s beyond t h e 
c a p a b i l i t y of t h e I n d i v i d u a l a l o n e . I n s u c h c a s e s , members 
of the group g e n e r a l l y w i l l p o s s e s s c o m p l e m e n t a r y and 
s p e c i a l i s t knowledge o r s k i l l s ' . B a s s and B i r c h a l l b o t h 
s t r e s s the need t o i d e n t i f y t h e c o r r e c t l i n k a g e between 
the s o c i a l and t e c h n i c a l s y s t e m s f o r maximum b e n e f i t both 
to I n d i v i d u a l s and to o r g a n i z a t i o n s . B a i l e y c o n c e n t r a t e s on 
f i n d i n g a l t e r n a t i v e methods w h i c h l e a d t o a s a t i s f a c t o r y 
f i t between s o c i a l and t e c h n i c a l s y s t e m s . B a s s promotes t h e 
t h e s i s t h a t new t e c h n o l o g y l e a d s t o complex o r g a n i z a t i o n s 
w hich need team a p p r o a c h e s t o cope a d e q u a t e l y . As B a s s 
(1982. p.180) s t a t e s " c o m p l e x i t y of t e c h n o l o g y p u t s a 
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premium on team e f f o r t " . B i r c h a l l <1975. pp.29-37) r e m a r k s 
on t h e i n e f f i c i e n t u s e made of i n d i v i d u a l s and s t r e s s e s t h e 
l a c k of f i t between i n d i v i d u a l c a p a b i l i t i e s and j o b 
r e q u i r e m e n t s . B l a c k l e r & Brown <19d0» p.24) l a y e m p h a s i s on 
the g r o w i n g i m p o r t a n c e of s o c i a l s c i e n c e i n Job d e s i g n and 
r e d e s i g n . They a s s e r t ' s o c 1 o - t e c h n i c a 1 t h i n k i n g , w i t h i t s 
b i a s e s t o w a r d s * s y s t e m s t h e o r y ' i s b e t t e r e q u i p p e d to d e a l 
w i t h s t r u c t u r a l and c o n t e x t u a l f e a t u r e s ' . T h e s e l i n k s 
between s o c i a l and t e c h n i c a l s y s t e m s h a s been emerging 
t h r o u g h o u t t h e l i t e r a t u r e and t h e n o t i o n o f team e f f o r t 
a p p e a r s to be of i m p o r t a n c e when c o n s i d e r i n g s h i p s * c r e w s . 
Job a n a l y s i s h a s a l s o been u t i l i s e d a s a method to 
compare j o b s and a s s e s s t h e t r a n s f e r r a b l 1 i t y of s k i l l s . 
A s h l e y & Ammerman (1978, pp. 1-87) a t t e m p t t o c l a s s i f y j o b s 
w hich have much i n common i n o r d e r to f a c i l i t a t e l a b o u r 
movement and improve e s s e n t i a l t r a i n i n g . They made 
measurements I n f i v e a r e a s : 
1. g e n e r a l s k i l l of t a s k p e r f o r m e d 
2. p s y c h o l o g i c a l p r o c e s s o f t a s k 
3. c o n t e n t domain of t a s k 
4. t a s k a c t i o n p r o c e s s 
5. t a s k o b j e c t s used. 
F i n e & W i l e y <1972, pp.73-83) h a v e a t t e m p t e d to 
p r o duce a method of j o b a n a l y s i s w h i c h I s a p p l i c a b l e 
t h r o u g h o u t t h e e n t i r e u n i v e r s e o f work. They m a i n t a i n t h a t 
any w o rker p e r f o r m i n g any j o b u t i l i s e s DATA, employs 
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equipment, m a c h i n e s o r THINGS, and i n t e r a c t s w i t h o t h e r 
PEOPLE. I n o r d e r to a s s e s s t r a n s f e r r a b i 1 i t y of s k i l l s t h e y 
produced s c a l e s of i n t e r a c t i o n between t h e w o r k e r and DATA, 
THINGS & PEOPLE. T h i s a l l o w e d j o b s w i t h common c o n t e n t to 
be r e a d i l y i d e n t i f i e d . T r a n s f e r r a b i 1 i t y of s k i l l s i s 
i m p o r t a n t i n t h e r e s t r u c t u r i n g of work i n o r d e r to make th e 
maximum p o s s i b l e u s e of t h e incumbent w o r k f o r c e . Thus 
methods w h i c h i n d i c a t e how t h e r e a l l o c a t i o n o f a s h i p ' s 
o p e r a t i o n s may be a c h i e v e d amongst e x i s t i n g c r e w members 
a r e of I m p o r t a n c e . 
The f i n a l g r o u p i n g of l i t e r a t u r e found i n J o b / t a s k 
a n a l y s i s was the c r i t i c a l a p p r a i s a l s of t h e t e c h n i q u e s 
found e l s e w h e r e . Hannum <1980, pp.6-7) d i f f e r e n t i a t e s 
t h o r o u g h l y between t a s k a n a l y s i s f o r l e a r n i n g and t a s k 
a n a l y s i s u s e d f o r o t h e r p u r p o s e s . T a s k a n a l y s i s f o r 
l e a r n i n g i s d e c i d e d upon by a r e a s of d i f f i c u l t y of t a s k 
p e r f o r m a n c e , c r i t l c a l i t y o f t a s k to s u c c e s s , and f r e q u e n c y 
of t a s k p e r f o r m a n c e . T h e s e c r i t e r i a a r e a l s o d e t e r m i n e d by 
o t h e r s f o r example R o f f & Watson (1961, pp.28-30> recommend 
t h a t , a s a Job a n a l y s i s p r o c e d u r e , main d u t i e s s h o u l d be 
l i s t e d and r a t e d f o r d i f f i c u l t y ; f r e q u e n c y ; and I m p o r t a n c e . 
Welssman <1981, pp. 176-185) p r e s e n t s a r e v i e w o f F i n e 
& W i l e y ' s F u n c t i o n a l Job A n a l y s i s and i t s u s e by t h e U.S. 
Department of Labor. Welssman, a s w i t h Hannum, d e t e r m i n e s 
t h e e x t r a a n a l y t i c a l a r e a s w h i c h t u r n a c o m p a r a t i v e j o b 
a n a l y s i s I n t o one w h i c h y i e l d s t r a i n i n g I n f o r m a t i o n . He 
Ph.D. T H E S I S Page 72 
2. LITERATURE REVIEW 
i d e n t i f i e s t h e t h r e e a r e a s of d i f f i c u l t y , c r l t l c a l i t y , and 
f r e q u e n c y amongst o t h e r s . Of t h e s e v e r a l j o b a n a l y s i s 
t e c h n i q u e s r e v i e w e d by Weissman I t i s i n t e r e s t i n g to n o t e 
t h a t many a r e an a d a p t a t i o n of F i n e & W i l e y ' s F u n c t i o n a l 
Job A n a l y s i s and use t h e i r r a t i n g s of DATA, THINGS & PEOPLE 
i n t e r a c t i o n s a s a s t a r t i n g p o i n t -
P e t e r s o n & Bownas <1982, pp.55-56) d e s c r i b e t h e 
F u n c t i o n a l Job A n a l y s i s CFJA) of F i n e & W i l e y . They s t a t e 
• t h e F u n c t i o n a l Job A n a l y s i s model c l a s s e s j o b s a s a^-whole, 
r a t h e r than i n v e s t i g a t i n g t a s k s t r u c t u r e s w i t h i n j o b s * . 
P e t e r s o n & Bownas r e c o g n i s e t h e v a l u e of F u n c t i o n a l Job 
A n a l y s i s i n a s s e s s i n g human a b i l i t i e s b u t a s s e r t 'much more 
r e s e a r c h needs to be done s h o w i n g l i n k a g e s between 
a b i l i t i e s and p e r f o r m a n c e i n e a c h o f t h e most h e a v i l y 
p o p u l a t e d c e l l s of t h e F J A taxonomy'. 
P e t e r s o n & Bownas <1982, pp.56-64) examine a t l e n g t h t h e 
P o s i t i o n A n a l y s i s Q u e s t i o n n a i r e of McCormick. They remark 
t h a t t h i s r a t i n g ' i n s t r u m e n t f o c u s e s most h e a v i l y on work 
b e h a v i o r i n b l u e - c o l l a r s k i l l e d and s e m i - s k i l l e d manual 
j o b s ' . T h i s c o n c e n t r a t i o n on a n a l y s i s o f manual work 
r e n d e r s i t u n l i k e l y t h a t t h e P o s i t i o n A n a l y s i s 
Q u e s t i o n n a i r e i s a p p l i c a b l e t o s h i p b o a r d f u n c t i o n s w h i c h 
have a h i g h c o n t e n t of m a n a g e r i a l f u n c t i o n s . P e t e r s o n & 
Bownas <1982, p.64> f i n a l l y m e n t i o n t h e J o b I n v e n t o r y 
T e c h n i q u e w h i c h h a s been d e v e l o p e d and u s e d by t h e U.S. A i r 
F o r c e . They s t a t e . 
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' I n t h i s method, t a s k s a r e i d e n t i f i e d t h r o u g h a 
c o m b i n a t i o n of r e v i e w i n g e x i s t i n g Job d o c u m e n t a t i o n , 
o b s e r v i n g w o r k e r s , i n t e r v i e w i n g w o r k e r s and 
s u p e r v i s o r s , and h a v i n g p r e l i m i n a r y l i s t s r e v i e w e d , 
e d i t e d and m o d i f i e d by j o b e x p e r t s . The f i n a l t a s k 
l i s t i s s u b m i t t e d to a l a r g e number of j o b 
incumbents, and e a c h t a s k i s r a t e d on any of s e v e r a l 
f a c t o r s , I n c l u d i n g whether t h e t a s k I s p e r f o r m e d a t 
a l l , t h e l e v e l of I n v o l v e m e n t i n p e r f o r m i n g t h e t a s k 
( e g . , h e l p e r v e r s u s d o e r ) , t h e t a s k ' s c r l t l c a l l t y , 
t he impact on m i s s i o n a c c o m p l i s h m e n t of f a i l i n g t o 
p e r f o r m t h e t a s k , t h e amount of t r a i n i n g time 
r e q u i r e d to p e r f o r m t h e t a s k p r o f i c i e n t l y , t h e 
p r o p o r t i o n of time s p e n t p e r f o r m i n g the t a s k , t h e 
f r e q u e n c y w i t h w h i c h t h e t a s k i s p e r f o r m e d , e t c . The 
p a r t i c u l a r r a t i n g f a c t o r s u s e d depend on t h e p u r p o s e s 
of t h e j o b a n a l y s i s . Thus, v a r i o u s t a s k d i f f i c u l t y 
m e a s u r e s (number of t a s k s p e r f o r m e d , t a s k d i f f i c u l t y , 
amount of t r a i n i n g r e q u i r e d t o l e a r n t h e t a s k ) a r e 
u s e f u l f o r j o b e v a l u a t i o n , w h e r e a s t a s k c r i t i c a l i t y 
and f r e q u e n c y m e a s u r e s seem most r e l e v a n t f o r j o b 
d e s c r i p t i o n , and c r i t i c a l i t y and d i f f i c u l t y t o g e t h e r 
p r o v i d e i n f o r m a t i o n f o r t r a i n i n g d e s i g n . ' 
As w i t h both Weissman and Hannum, P e t e r s o n and Bownass 
I d e n t i f y c r i t i c a l i t y and f r e q u e n c y a s i m p o r t a n t r a t i n g s 
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w i t h r e g a r d to t r a i n i n g and p o i n t out t h a t o n l y t h e Job 
I n v e n t o r y T e c h n i q u e h a s r a t i n g s f o r t h e s e f a c t o r s . 
SUr4MARY OF THE LITERATURE RELATING TO JOB/TASK ANALYSIS 
I t h a s been found t h a t j o b a n a l y s i s emerged a s a t o o l 
to a s s i s t i n the p r o c e s s o f Job e v a l u a t i o n , whose p u r p o s e 
was to compare J o b s i n terms of monetary worth. I t i s c l e a r 
from t h e l i t e r a t u r e t h a t j o b a n a l y s i s c o n s i s t s of a two-
f o l d p r o c e s s : 
1. a d e s c r i p t i o n of t h e j o b 
2. an a n a l y t i c a l method a p p l i e d t o t h e d e s c r i p t i o n . 
An a p p a r e n t c o n t r a d i c t i o n emerged from t h e l i t e r a t u r e 
where some a u t h o r s a d v o c a t e d t h a t o n l y t h e j o b s h o u l d be 
d e s c r i b e d and a n a l y z e d ; w h e r e a s o t h e r a u t h o r s a r g u e d t h a t 
the worker a l s o s h o u l d be i n c l u d e d I n t h e a n a l y s i s . I t i s 
f e l t by t h e a u t h o r of t h i s t h e s i s t h a t where j o b a n a l y s i s 
i s u sed f o r r e w a r d a s s e s s m e n t t h e n t h e ' j o b o n l y ' s c h o o l i s 
c o r r e c t , but where the a n a l y s i s i s u s e d f o r o t h e r p u r p o s e s 
then t h e ' j o b p l u s worker' s c h o o l I s c o r r e c t . The c o n c e p t 
t h a t t h e j o b I s more t h a n s i m p l y t h e sum o f t h e I n d i v i d u a l 
t a s k s to be p e r f o r m e d l e d to t h e c o n c e p t of competency 
where th e l i n k emerged between t a s k , t e c h n o l o g y , p e o p l e , 
and s t r u c t u r e , ( f i g u r e 2.8>. 
The a d v a n t a g e s o f d e s c r i b i n g work a t a f u n c t i o n a l 
l e v e l emerged from t h e l i t e r a t u r e . I t p r o d u c e d th e m a j o r 
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a d v a n t a g e s of d e a l i n g w i t h o b j e c t i v e s o n l y and a p p e a r e d t o 
produce w o r t h w h i l e r e s u l t s r e g a r d l e s s of whe t h e r man, 
machine, or a c o m b i n a t i o n of both was p e r f o r m i n g t h e a c t u a l 
work. A l s o the f u n c t i o n s r e m a i n c o n s t a n t o v e r t i m e w h e r e a s 
t a s k s and j o b s change w i t h new t e c h n o l o g y and work 
p r a c t i c e s . 
F u n c t i o n a l J ob A n a l y s i s , t h e r a t i n g of work i n terms 
of worker i n t e r a c t i o n s w i t h DATA, THINGS. & PEOPLE emerged 
a s h a v i n g been proved s u c c e s s f u l i n many s t u d i e s r e q u i r i n g 
c o m p a r a t i v e a s s e s s m e n t s of J o b s . A l s o t h e r a t i n g of work i n 
terms of FREQUENCY, C R I T I C A L I T Y , & D I F F I C U L T Y a p p e a r e d t o 
e n j o y a l m o s t u n i v e r s a l a p p r o v a l a s an a n a l y t i c a l t e c h n i q u e 
to produce v a l i d d a t a f o r s t u d i e s o t h e r t h a n c o m p a r a t i v e 
ones eg. a s a t r a i n i n g a n a l y s i s t e c h n i q u e . 
F i n a l l y , a g a i n g r e a t s t r e s s I s l a i d by many a u t h o r s 
on t h e c o r r e c t l i n k a g e between t h e s o c i a l and t e c h n i c a l 
s y s t e m s t o produce e f f e c t i v e , w o r t h v ^ i l e , s a t i s f y i n g j o b s . 
Many a u t h o r s a r g u e t h a t t h e way f o r w a r d , i n many 
i n d u s t r i e s , i s by t h e e s t a b l i s h m e n t of work teams o r g r o u p s 
b u i l t upon s o c l o - t e c h n i c a l s y s t e m c r i t e r i a . H e r b s t <1974, 
p . 6 1 ) , I n p a r t i c u l a r , a r g u e s f o r t h e p r o v i s i o n of 
autonomous work g r o u p s a b o a r d s h i p s . He c l a i m s t h a t t h e 
s t r u c t u r e of s h i p s * c r e w s s h o u l d be d e s i g n e d on m a t r i x 
p r i n c i p l e s whereby r e s p o n s i b i l i t y i s a l l o c a t e d t o non-
h l e r a r c h l e a 1 s e l f - o r g a n I z 1 n g g r o u p s . 
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2.4 ANALYSIS OF THE LITERATURE REVIEW 
The p h i l o s o p h y w h i c h h a s emerged from t h i s 
e x a m i n a t i o n of t h e l i t e r a t u r e p e r t a i n i n g t o t h e s h i p and 
i t s c r e w i s t h a t a s h i p may u s e f u l l y be v i e w e d a s a s o c l o -
t e c h n l c a l s y s t e m o p e r a t i n g i n a dynamic e n v i r o n m e n t 
i n v o l v i n g s o c i a l , t e c h n i c a l , economic and l e g a l I n f l u e n c e s . 
The I m p o r t a n c e of c o m m u n i c a t i o n s h a s been d e t e r m i n e d and a 






















SOCIO-TECHNICAL VIEW OF SHIP AND ITS ENVIRONMENT 
Figure 2.9 
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The f o l l o w i n g key i s s u e s a r e drawn t o g e t h e r from 
the p o i n t s p r e v i o u s l y made. 
1. The p i c t u r e p r e s e n t e d i s one of economic f a c t o r s , s u c h 
a s g l o b a l r e c e s s i o n , o v e r - t o n n a g i n g , t h e emergence of t h i r d 
w o r l d n a t i o n s a s m a r i t i m e n a t i o n s and i n c r e a s e d c o m p e t i t i o n 
from t h e S o v i e t B l o c , f o r c i n g w e s t e r n n a t i o n s i n t o 
o p e r a t i n g s p e c i a l i z e d , h i g h l y m e c h a n i z e d s h i p s . The need 
f o r a u t o m a t i o n and r o b o t i c s i s a r e s u l t of both t h e 
t e n d e n c y t o h i g h s p e c i a l i z a t i o n and m e c h a n i z a t i o n and t h e 
i n c r e a s i n g r e l a t i v e c o s t of w e s t e r n s e a f a r e r s . 
2. A u tomation and r o b o t i c s a r e a l l o w i n g , and c o s t s a r e 
f o r c i n g , a r e d u c t i o n i n t h e number of s e a f a r e r s per s h i p , 
i n w e s t e r n f l a g tonnage. T h i s r e d u c t i o n I n c r e w numbers i s 
c r e a t i n g t h e need f o r a f u n d a m e n t a l r e a p p r a i s a l of t h e 
onboard o r g a n i z a t i o n a l s t r u c t u r e and t h e r e l a t i o n s h i p 
between th e s h i p o r g a n i z a t i o n and t h e s h o r e o r g a n i z a t i o n . 
3. C e r t a i n s o c i a l a s p e c t s of c u r r e n t manning a r e becoming 
viewed a s u n d e s i r a b l e - h i e r a r c h i e s , d e p a r t m e n t a l 
d i v i s i o n s , and e s p e c i a l l y t h e o f f l c e i — r a t i n g ^ d i v i s i o n . 
S o c i a l s c i e n t i s t s a r e s u g g e s t i n g t h e c r e a t i o n of more 
w o r t h w h i l e j o b s a t s e a , and t h e t e c h n i c a l e n v i r o n m e n t i s 
p o i n t i n g to t h e need f o r a l e a r n i n g - b a s e d c u l t u r e a b o a r d 
s h l p s . 
4. The a wakening i n t e r n a t i o n a l c o n s c i o u s n e s s of t h e 
p o l l u t i o n h a z a r d s posed by s h i p s i s l e a d i n g t o p r e s s u r e f o r 
i n t e r n a t i o n a l s t a n d a r d s of competence. The e x i s t i n g 
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competency a s s e s s m e n t methods a r e b e g i n n i n g t o be 
q u e s t i o n e d and g o v e r n m e n t a l and i n t e r g o v e r n m e n t a l 
r e g u l a t o r y b o d i e s , e m p l o y e r s ' o r g a n i z a t i o n s , and l a b o u r 
o r g a n i z a t i o n s a r e i n need of p r e c i s e f a c t s a s t o the n a t u r e 
of t h e t a s k s performed by s e a f a r e r s and t h e n e c e s s a r y 
s k i l l s and knowledge r e q u i r e d f o r t h e i r e f f e c t i v e 
p e r f ormance. 
5. S i n c e no s p e c i f i c j o b a n a l y s i s t e c h n i q u e c o u l d be 
found w h i c h encompasses t h e n e e d s o f work r e d e s i g n from 
u n s k i l l e d t o m a n a g e r i a l l e v e l s ; t h e n a t e c h n i q u e would have 
to be c o n s t r u c t e d to a l l o w c o n c l u s i o n s to be drawn I n t h e 
p a r t i c u l a r f i e l d of work r e d e s i g n of an I n d u s t r y I n a 
d y n a m i c a l l y c h a n g i n g t e c h n i c a l and f i n a n c i a l e n v i r o n m e n t 
and s u b j e c t to i n f l u e n c e from t h e s o c i a l and l e g a l 
e n v i r o n m e n t s . 
CONCLUSIONS TO CHAPTER 2 AND I D E N T I F I C A T I O N OF RESEARCH AIM 
T h i s l i t e r a t u r e r e v i e w shows t h a t t h e B r i t i s h 
merchant f l e e t , i n o r d e r t o s u r v i v e and p r o s p e r I n I t s 
h o s t i l e e n v i r o n m e n t , must r e o r g a n i z e I t s onboard manpower 
from t h e t r a d i t i o n a l , h i e r a r c h i c a l , d e p a r t m e n t a l i z e d and 
s o c i a l l y d i v i s i v e s t r u c t u r e I n t o an I n t e g r a t e d , 
p r o f e s s i o n a l w o r k f o r c e . Many a u t h o r s s u g g e s t , n o t a b l y 
H e r b s t <1974, pp.28-62> and S m i t h & Roggema <1980a, pp. 24-1-
254) t h a t t h e s o l u t i o n may be a m a t r i x manning 
o r g a n i z a t i o n . H e r b s t s t a t e s <1974, p . 2 8 ) , 
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' S i n c e t h e r e e x i s t s i n t h i s c a s e a wide r a n g e o f 
p o s s i b l e t e c h n o l o g i c a l a l t e r n a t i v e s , we c a n . I n s t e a d 
of t a k i n g a s p e c i f i c t e c h n o l o g i c a l s y s t e m and w o r k i n g 
out t h e r e q u i r e m e n t s f o r a s u p p o r t i n g s o c i a l s y s t e m , 
c o n s i d e r t h e p o s s i b i l i t y of w o r k i n g t h e o t h e r way 
round. T h a t i s , we c a n a t t e m p t t o s p e c i f y i n i t i a l l y 
the e s s e n t i a l r e q u i r e m e n t s f o r a s o c i a l o r g a n i z a t i o n 
on board, and then work b a c k w a r d s t o d i s c o v e r t h e 
c r i t i c a l s u p p o r t i n g t e c h n o l o g i c a l c o n d i t i o n ^ t h a t 
would need to be s a t i s f i e d w i t h r e s p e c t to s h i p 
d e s i g n . ' 
Moreby (1975, p.25) a l s o n o t e s , 
' I n t h e p a s t , t e c h n o l o g y had p r i o r i t y i n d i c t a t i n g 
the t y p e of s o c i a l s y s t e m r e q u i r e d t o o p e r a t e i t , but 
d e v e l o p m e n t s have r e a c h e d a p o i n t where a r a n g e of 
d i f f e r e n t t e c h n o l o g i e s c a n be p r o v i d e d f o r t h e 
a c c o m p l i s h m e n t of a g i v e n o b j e c t i v e . Some of t h e 
t e c h n o l o g i c a l o p t i o n s a r e l i k e l y t o be more c o n g r u e n t 
w i t h t h e a s p i r a t i o n s , demands and n e e d s of t h o s e 
h a v i n g t o o p e r a t e them w h i l e o t h e r o p t i o n s a r e l i k e l y 
to engender f r u s t r a t i o n and d i s s a t i s f a c t i o n r e s u l t i n g 
i n i n c r e a s e d d i f f i c u l t i e s t o r e c r u i t and r e t a i n 
p e o p l e . ' 
T h i s t h e s i s t a k e s t h e m a t r i x manning c o n c e p t a s a 
s o c i a l l y - i n s p i r e d s t a r t i n g p o i n t ; by d e r i v i n g a f u n c t i o n a l 
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d e s c r i p t i o n of s h i p b o a r d o p e r a t i o n s and a n a l y z i n g t h e i r 
p e r f o r m a n c e on a r a n g e of s h i p t y p e s by means o f a s u i t a b l y 
d e v e l o p e d t o o l , t h e f u n c t i o n a l v a l i d i t y of m a t r i x manning 
i s e v a l u a t e d a s a means of o r g a n i z i n g s h i p s * c r e w s . 
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The f i e l d of s t u d y , a s e x p l a i n e d i n p r e v i o u s 
c h a p t e r s , i s s h i p s ' c r e w s o p e r a t i n g w i t h i n r a p i d l y c h a n g i n g 
t e c h n i c a l and economic e n v i r o n m e n t s and s u b j e c t t o the 
i n f l u e n c e of t h e s o c i a l and l e g a l e n v i r o n m e n t s . The p i c t u r e 
p r e s e n t e d i n t h e l i t e r a t u r e r e v i e w i s of s e a f a r e r s 
o p e r a t i n g e v e r more, h i g h l y s p e c i a l i z e d and me c h a n i z e d 
s h i p s . Even the most p e r f u n c t o r y o b s e r v a t i o n of s h i p 
r o u t i n e would c o n v i n c e t h e o b s e r v e r of t h e wide r a n g e of 
a c t i v i t i e s , sometimes p e r f o r m e d s i m u l t a n e o u s l y , w h i c h 
t o g e t h e r make t h e s h i p and c r e w a v i a b l e economic s o c l o -
t e c h n i c a l s y s t e m . F o r i n s t a n c e a s h i p under way h a s p e r s o n s 
engaged i n g u i d a n c e c o n t r o l (NAVIGATION SYSTEM) and 
p r o p u l s i o n c o n t r o l (MACHINERY SYSTEM) w h i 1 s t o t h e r 
p e r s o n n e l a r e engaged i n t h e t r a n s f e r of i n f o r m a t i o n t o and 
from t h e s h o r e (COMMUNICATION SYSTEM). A s h i p i n p o r t h a s 
manpower i n v o l v e d w i t h t h e l o a d i n g and d i s c h a r g e of c a r g o 
(CARGO SYSTEM). At a l l p h a s e s of t h e voyage p e o p l e a r e 
engaged i n t h e p r e p a r a t i o n of food and g e n e r a l h o u s e k e e p i n g 
of t h e s h i p (HOTEL & CATERING SYSTEM). T h e r e i s a c o n t i n u a l 
need f o r a l l t h e s e s y s t e m s t o be e f f e c t i v e l y c o n t r o l l e d 
(MANAGEMENT & ADMINISTRATION SYSTEM). I n a d d i t i o n t o t h e s e 
s i x o p e r a t i o n a l s y s t e m s t h e r e I s a need f o r a l l t h e s h i p ' s 
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crew t o be a b l e t o a c t c o l l e c t i v e l y t o combat an emergency 
s u c h a s f i r e CSAFETY & E^4ERGENCY SYSTEM). 
Some p r e v i o u s s t u d i e s of s h i p b o a r d r o u t i n e have t a k e n 
a work s t u d y a pproach. Takuya O t o n a r i (1980, p.29) a n a l y z e d 
s h i p b o a r d work f o r t o t a l w o r k i n g t i m e and f o r t h e 
o c c u r r e n c e of s i m u l t a n e o u s o p e r a t i o n s . Une & Nomoto <1980, 
pp. 15-25) measured time s p e n t by t h e c r e w f u l f i l l i n g t h e 
d i f f e r i n g f u n c t i o n s of deep s e a o p e r a t i o n and c o a s t w i s e 
o p e r a t i o n t o d i f f e r e n t i a t e between t h e d i f f e r e n t s t a g e s of 
the voyage. Between them t h e y h a v e d e t e r m i n e d t h e amount 
of time s p e n t on v a r i o u s o p e r a t i o n a l t a s k s a t d i f f e r e n t 
p h a s e s of t h e voyage w i t h t h e o b j e c t i v e of d e t e c t i n g t h o s e 
t ime-consuming t a s k s which c o u l d be removed by t h e 
a p p l i c a t i o n of improved t e c h n o l o g y . O t h e r s have 
c o n c e n t r a t e d on a t t i t u d e s t o s e a f a r i n g work and 
e n v i r o n m e n t s . S m i t h & Roggema <1979a&b), H e r b s t <1974. 
pp.28-53), and Moreby <1975, pp.23-68) have a l l d e s c r i b e d 
t h e p e r s o n a l q u a l i t i e s and a t t r i b u t e s r e q u i r e d of 
s e a f a r e r s . No p r e v i o u s a t t e m p t h a s been made to i s o l a t e and 
i d e n t i f y e x p l i c i t l y t h e s p e c i f i c s k i l l s and a r e a s of 
knowledge r e q u i r e d t o be a b o a r d i n o r d e r f o r a s h i p t o 
f unct i on e f f e c t i ve1y. 
A t t e m p t s have been made i n o t h e r i n d u s t r i e s t o 
c a p t u r e e s s e n t i a l knowledge and s k i l l s but t h e 
m e t h o d o l o g i e s u s e d have been s p e c i f i c t o t h e i n d u s t r y and, 
even more i m p o r t a n t l y , s p e c i f i c t o d e f i n i t e d e p a r t m e n t s 
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w i t h i n the I n d u s t r i e s c o n c e r n e d . Thus Knaeuper & Rouse 
(1985, pp.708-719) a t t e m p t to model h i g h l e v e l d e c i s i o n -
making p r o c e s s e s i n complex and dynamic e n g i n e e r i n g 
s y s t e m s , and Waldeman <1970, 13-16) h a s a n a l y z e d t h e 
p h y s i c a l a c t i v i t i e s of a m i l l i n g machine o p e r a t o r . 
Rasmussen (1985, pp.234-243) a d d r e s s e s t h e problem o f 
d i f f e r i n g l e v e l s of a n a l y s i s and p r o d u c e s an a x i s o f 
f u n c t i o n s w h i c h r a n g e from t h e p u r p o s e f u l t o t h e p h y s i c a l . 
T h i s a x i s h a s been a d a p t e d f o r t h e p u r p o s e s of t h i s 
r e s e a r c h and s y s t e m t e r m s have been a s c r i b e d t o t h e l e v e l s 
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RASMUSSgN'S AXIS OF FUNCTIONAL LEVELS 
Figure 3.1 
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The c o n c e p t of f u n c t i o n s and f u n c t i o n a l s y s t e m s I s 
p u r s u e d f u r t h e r by P r i c e (1985, pp.33-45) and N a d l e r (1985, 
pp.685-697). N a d l e r a r g u e s t h a t a complex e n t i t y , s u c h a s a 
s h i p , w i t h m u l t i p l e d i s c i p l i n a r y d e p a r t m e n t s c a n o n l y be 
viewed s u c c e s s f u l l y a s a s y s t e m w i t h f u n c t i o n a l o b j e c t i v e s . 
P r i c e goes much f u r t h e r and s t a t e s t h a t complex man-machine 
o r g a n i z a t i o n s c a n be v i e w e d a s h a v i n g a s y s t e m m i s s i o n and 
t h i s c a n be a c h i e v e d by t h e r e a l i s a t i o n of a number of 
f u n c t i o n a l s t a t e m e n t s w h i c h c o l l e c t i v e l y f u l l y d e s c r i b e t h e 
e s s e n t i a l o p e r a t i o n s f o r s u c c e s s f u l m i s s i o n a c c o m p l i s h m e n t . 
P r i c e , i n h i s c o n t e x t o f man-machine s y s t e m s , s u g g e s t s t h a t 
f u n c t i o n s c a n have two t y p e s o f c o m p o s i t i o n :-
( a ) I n f o r m a t i o n a l - u s i n g o r p r o d u c i n g DATA 
(b) M a t e r i a l - u s i n g o r p r o d u c i n g THINGS 
F o r t h e p u r p o s e of t h i s r e s e a r c h where man-man 
i n t e r f a c e s e x i s t t o g e t h e r w i t h man-machine i n t e r f a c e s a 
t h i r d f u n c t i o n a l c o m p o s i t i o n I s found to be r e q u i r e d i . e . 
<c) I n t e r p e r s o n a l - u s i n g o r l i a i s i n g w i t h PEOPLE 
A l s o , a t t h i s s t a g e , t h e work of P a t e r s o n (1975a, 
pp.23-30) and J a c q u e s (1964, pp. 1-48) i s drawn upon a s t h e y 
have emerged from t h e l i t e r a t u r e s u r v e y a s a u t h o r i t i e s i n 
t h e i r f i e l d of Job a n a l y s i s f o r wage e v a l u a t i o n . P a t e r s o n 
i d e n t i f i e d 6 d e f i n a b l e l e v e l s of d e c i s i o n making f o r wage 
b a r g a i n i n g p u r p o s e s . J a c q u e s , a g r e e i n g w i t h t h e s e l e v e l s , 
goes a s t a g e f u r t h e r and i n s i s t s t h a t t h e t i m e - s p a n o v e r 
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which d e c i s i o n s a r e implemented i s an i m p o r t a n t f a c t o r . 
T h e s e d e c i s i o n l e v e l s of P a t e r s o n a r e a l i g n e d w i t h the 
f u n c t i o n a l d i m e n s i o n s of Rasmussen and t h e t r a d i t i o n a l 
m a r i t i m e manning s t r u c t u r e t h e n Imposed and t h e r e s u l t s , 
a s shown i n f i g u r e 3.2 g i v e good agreement. 
The time-dependent c r i t e r i o n of J a c q u e s a p p e a r s 
j u s t i f i e d when i t i s shown t h a t t h e d e c i s i o n s ( a f f e c t i n g a 
s h i p ) w h i c h t a k e a long time t o p r o d u c e an e f f e c t a r e t h o s e 
i n v a r i a b l y removed from t h e s h i p to s e n i o r s h o r e 
management. T h i s l i n k a g e of t i m e of i m p l e m e n t a t i o n of 
d e c i s i o n s t o ra n k of d e c i s i o n maker i s a l s o i d e n t i f i e d by 
L a w r e n c e (1986, s e c t i o n 4 ) who, a f t e r Sagen <1984, p . 2 1 ) , 
d e f i n e s 3 s h i p o p e r a t i o n a l d e c i s i o n l e v e l s - s t r a t e g i c , 
t a c t i c a l , and o p e r a t i o n a l . T h e s e a r e a l s o i n d i c a t e d on 
f I g u r e 3.2. 
The a n a l y s i s of s h i p o p e r a t i o n s i n t o s y s t e m s , s u b -
s y s t e m s , and f u n c t i o n a l s t a t e m e n t s t h e r e f o r e a p p e a r s t o be 
sound, and i n a c c o r d a n c e w i t h a c c e p t e d a u t h o r i t a t i v e v i e w s . 
I t e n a b l e s d e t e c t i o n and i d e n t i f i c a t i o n of t h o s e f u n c t i o n s 
whose a n a l y s i s s a t i s f i e s t h e r e q u i r e m e n t s o f t h e r e s e a r c h 
programme a s d e s c r i b e d i n p r e v i o u s c h a p t e r s . 
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(1850 on) (1986) 
RELATIONSHIP OF DECISION BANDS TO SHIP FUNCTIONS 
Figure 3.2 
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As a f i r s t s t e p , and a s s t a t e d e a r l i e r , t h e f u n c t i o n s 
of t h e p e r s o n n e l c o m p r i s i n g t h e t o t a l s h i p s y s t e m a t 
a l l p h a s e s of t h e voyage c a n be grouped I n t o s e v e n s u b -
s y s t e m s : — 
(1) NAVIGATION SYSTEM 
<2) CARGO & BALLAST SYSTEM 
<3) MACHINERY SYSTEM 
<4) HOTEL S E R V I C E S SYSTEM 
<5> COMMUNICATIONS SYSTEM 
<6) MANAGEMENT & ADMINISTRATION SYSTEM 
<7> SAFETY & EMERGENCY SYSTEM 
T h i s v i e w i s s u p p o r t e d by T a k u y a O t o n a r l C1980, 
pp.28-35) and Sagen <1984, pp. 17-22) who I n d e p e n d e n t l y 
i d e n t i f y s i x of t h e s e s y s t e m s and o n l y f a i l t o I d e n t i f y 
the h o t e l & c a t e r i n g s y s t e m b e c a u s e t h e i r a t t e n t i o n was 
on s p e c i f i c a r e a s of t e c h n o l o g y a p p l i c a t i o n and t h e y 
were not a t t e m p t i n g t o d e s c r i b e t h e s h i p a s a whole. 
T h e s e s e v e n s u b - s y s t e m s a r e v i e w e d a s b e i n g c o m p r i s e d 
of a b s t r a c t f u n c t i o n s and t h e s e i n t u r n a r e t a k e n t o be 
c o m p r i s e d of g e n e r a l i z e d f u n c t i o n s w h i c h depend upon 
g e n e r a l i z e d knowledge, i n a c c o r d a n c e w i t h Rasmussen 
<1985, p . 2 3 5 ) . T h i s i s shown d i a g r a m m a t i c a 1 1 y i n 
f i g u r e 3.3. 
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TQTfll m SYSTEW 
FUNCTIONAL PURPOSE 
THE SYSTEH 
- the s a f e and 
economic c a r r i a g e 
of goods by s e a 
SVB-SYSTEfIS 
N a v i g a t i o n 
Cargo Ops, 
Ha c h i n e r y 
H o t e l 
C o i t u n i c a t i o n 
Ranagenent 
S a f e t y 
NAVIfiflTlOH SUB-SVSTEH 
1 
• PflSSftfiE PLflNHlNfi SVB-SYSTEIi _ SELECTIN6 THE ROUTE 
L i ^ 
FUNCTIONAL PURPOSE 
THE SUB-SYSTEH 
- to g e t the v e s s e l 
s a f e l y f r o a b e r t h 
to b e r t h 
ABSTRACT 
ruNcnoNS 
, P a s s a g e P l a n n i n g M -
, P a s s a g e E x e c u t i o n 1.2 , P i l o t a g e 1.3 




- to p r e - d e t e r e i n e 
r o u t e of s h i p and 
d i s p l a y i n f o r a a t i o n 
t o o t h e r s 
g£M£BfiU2£& 
U n d e r s t a n d i n g : 
, C r i t e r i a f o r r o u t e 
s e l e c t i o n 
, N a v i g a t i o n a l i n f o , 
, P h y s i c a l h a z a r d s 
, T r a f f i c h a z a r d s 
, N a v i g a t i o n a l s y s t e a s 
, Ueather r o u t e i n g 




. to s e l e c t t h e 
o p t i m a r o u t e 
mmsL 
U n d e r s t a n d i n g ; 
S a f e r o u t e s f o r v e s s e l 
E c o n o a i c f a c t o r s 
Coapany's r e g u l a t i o n s 
Load l i n e z o n e s 
P o s i t i o n i n g s y s t e a s 
V e s s e l c h a r a c t e r i s t i c s 
e t c 
fi£N£fiAUZEIl PHYSICAL FUNCTIONS FUNCTIONS 
, S e l e c t i n g r o u t e s l . t j - , S e l e c t i n g o p t i a u a r o u t e 
, O b t i i n i n g r o u t e , P r e p a r i n g a l t e r n a t i v e s f o r 
i n f o r a a t i o n M . 2 a l t e r e d c o n d i t i o n s , P r e p a r i n g d e t a i l e d , D e c i d i n g on i n f o r a a t i o n 
p l a n s 1.1.3 r e t ^ i r e d 
, S t o r i n g & r e t r i e v i n g , e t c 
i n f o r a a t i o n M . 4 , R e c o r d i n g 1.1.5 1 , T r a i n i n g 1.1.6 t 
DETERMINATION OF ABSTRACT AND GENERALIZED FUNCTIONS 
F i g u r e 3.3 
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As can be s e e n from f i g u r e 3.3 t h e knowledge and 
s k i l l s c o u l d be f u r t h e r a n a l y z e d t o a more d e t a i l e d l e v e l , 
t h a t of p h y s i c a l f u n c t i o n s and s p e c i f i c knowledge. However t h e 
o u t p u t r e q u i r e d from t h e r e s e a r c h does not w a r r a n t p u r s u i t of 
t h i s more . d e t a i 1 ed a n a l y s i s . The a i m of the r e s e a r c h i s t o 
d e t e r m i n e i f t h e main s h i p f u n c t i o n s c a n be s e n s i b l y r e -
a l l o c a t e d amongst t h e members of t h e c r e w i n a m a t r i x f o r m a t 
a s d e s c r i b e d by H e r b s t <1974, pp.54-57) and S m i t h and Roggema 
(1980a, pp.249-253). 
As s t a t e d e a r l i e r , f o l l o w i n g from t h e o b s e r v a t i o n s o f 
P r i c e (1985, pp.33-45), s y s t e m f u n c t i o n s may be s t a t e d a s 
h a v i n g t h r e e c o n s t i t u e n t s - DATA, THINGS. & PEOPLE. D u r i n g t h e 
l i t e r a t u r e r e v i e w i t was found t h a t t h e F u n c t i o n a l Job 
A n a l y s i s t e c h n i q u e used by t h e U n i t e d S t a t e s Department o f 
L a bour and d e v e l o p e d by S. A. F i n e (1972. pp.73-83) a l s o 
u t i l i s e s t h e s e t h r e e c o n s t i t u e n t s t o d e s c r i b e w o rker a c t i o n s . 
F i n e j u s t i f i e s h i s t r i p a r t i t e a p p r o a c h t o m e a s u r i n g w o r k e r 
a c t i o n s a s f o l l o w s :-
" A l l J o b s i n v o l v e t h e worker, to some 
e x t e n t , w i t h I n f o r m a t i o n o r i d e a s (DATA). w i t h 
c l i e n t s or c o w o r k e r s ( P E O P L E ) , w i t h m a c h i n e s o r 
equipment (THINGS) W h i l e t h e r e may be an 
i n f i n i t e number of ways of d e s c r i b i n g t a s k s , t h e r e 
i s o n l y a h a n d f u l o f s i g n i f i c a n t p a t t e r n s o f 
b e h a v i o r ( f u n c t i o n s ) w h i c h d e s c r i b e how w o r k e r s 
use t h e m s e l v e s i n r e l a t i o n to Data, P e o p l e , and 
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Pe o p l e , and T h i n g s . T h o s e p a t t e r n s of b e h a v i o r 
w h i c h c a n be a r t i c u l a t e d r e l i a b l y have been 
d e f i n e d i n Worker F u n c t i o n S c a l e s , t h e p r i m a r y 
t o o l s of FJA, w h i c h p r o v i d e a s t a n d a r d i z e d , 
c o n t r o l l e d l a n g u a g e t o d e s c r i b e what w o r k e r s do 
i n the e n t i r e u n i v e r s e of work.*' F i n e and W i l e y 
(1972, pp 13-14) 
The p a t t e r n s of b e h a v i o u r d e f i n e d by F i n e & W i l e y a r e 
l i s t e d i n T a b l e 3.1 and t h e i r f u l l d e f i n i t i o n s a r e 
c o n t a i n e d i n Appendix 1. DATA l e v e l s o f b e h a v i o u r commence 
w i t h l e v e l 1, 'comparing*, where t h e f u n c t i o n p e r f o r m e r 
u s e s l i t t l e i n t e l l e c t but s i m p l y c o mpares d a t a t o 
p r e s c r i b e d s t a n d a r d s . The l e v e l s r a n g e up t o l e v e l 8, 
' s y n t h e s i z i n g ' , where g r e a t u s e i s made of t h e i n t e l l e c t to 
p r o v i d e n o v e l s o l u t i o n s o r r e s o l u t i o n s t o p r o b l e m s w h i c h do 
not c o n f o r m t o a s t a n d a r d . THINGS l e v e l s of b e h a v i o u r r a n g e 
from l e v e l 1, ' h a n d l i n g ' where no judgement I s r e q u i r e d 
r e g a r d i n g t o o l s u s e d o r s t a n d a r d s a c h i e v e d ; t h r o u g h t o 
l e v e l 8, ' s e t t i n g up', where m a c h i n e s a r e a d j u s t e d o r 
r e p a i r e d , u s i n g p a r t i c u l a r t o o l s , i n o r d e r t o a c h i e v e a 
h i g h l e v e l o f p e r f o r m a n c e . PEOPLE l e v e l s b e g i n w i t h l e v e l 
1, ' h e l p i n g * , where t h e f u n c t i o n p e r f o r m e r t a k e s 
i n s t r u c t i o n s from a s u p e r i o r and r a n g e t o l e v e l 8, 
'mentoring', where t h e p e r f o r m e r g u i d e s o t h e r s a c c o r d i n g t o 
p r o f e s s 1 o n a 1 pr i n c 1 p 1 e s . 
In o r d e r t o g i v e some i d e a o f t h e amount of t i m e a 
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worker d e v o t e s to e a c h of t h e d i m e n s i o n s (DATA, THINGS, 
PEOPLE) i n o r d e r t o c o m p l e t e a f u n c t i o n , t h e p e r c e n t a g e of 
t o t a l time t h a t the worker s p e n d s on e a c h of t h e s e 
d i m e n s i o n s i s l a b e l l e d the orJentat Jon of t h e f u n c t i o n . The 
t h r e e p e r c e n t a g e s t o t a l 100%. 
I n a d d i t i o n to t h e s e w o rker f u n c t i o n s c a l e s and 
o r i e n t a t i o n p e r c e n t a g e s , F i n e & W i l e y p r o d u c e d o t h e r s c a l e s 
w hich were c a p a b l e of r e c o r d i n g work fields (methods, 
equipment, m a t e r i a l s ) and worker traits ( a p t i t u d e s , 
temperaments, i n t e r e s t s , and p h y s i c a l demands). 
Weissman (1981. pp. 176-186) i n h i s r e v i e w of t h e 
F u n c t i o n a l J ob A n a l y s i s t e c h n i q u e i l l u s t r a t e s how any o r 
a l l of t h e s e s c a l e s c o u l d be u t i l i s e d d e p e n d i n g on t h e 
r e q u i r e m e n t s of t h e a n a l y s t . 
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DATA THINGS PEOPLE 
1 Comparing 1 Handling 1 Helping 
2 Copying 2 Feeding/Of fbearing 2 Inf orming 
3 Comput ing 3 Tending 3 Persuading 
4 Compi1ing 4 Manipulat ing 4 Divert ing 
5 Analyz ing 5 Dr i V i ng/Opera t ing 5 Supervising 
6 InnovatIng 6 Operat ing/Control1Ing 6 Ins t r u c t i n g 
7 Coordinat ing 7 Precision working 7 Negot iat ing 
8 Synthesising 8 Setting up 8 Mentoring 
DATA. THINGS & PEOPLE RATINGS 
TABLE_3JL 
With t h i s p a r t i c u l a r r e s e a r c h programme t h e e m p h a s i s 
was upon o b s e r v i n g t h e e x p e r i e n c e d w o rker p e r f o r m i n g 
f u n c t i o n s under v a r y i n g l e v e l s of t e c h n o l o g i c a l a s s i s t a n c e . 
Thus i t was d e c i d e d t h a t t h e u s e of t h e s c a l e s would be 
( 1 ) WORKER FUNCTION SCALES 
T h e s e were t o be us e d i n an a t t e m p t t o 
i d e n t i f y how t h e s e a f a r e r s ' l e v e l s o f i n t e r a c t i o n w i t h 
DATA, THINGS, & PEOPLE, w h i l s t a c c o m p l i s h i n g f u n c t i o n s , 
changed w i t h t e c h n i c a l i n n o v a t i o n . 
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(2 ) ORIENTATIONS 
T h e s e were t o be use d i n an a t t e m p t t o 
d e t e r m i n e i f t h e r e was a s h i f t i n s e a f a r e r s ' e f f o r t s w h i l s t 
a c c o m p l i s h i n g f u n c t i o n s due to t h e I m p l e m e n t a t i o n of new 
te c h n o l o g y . 
( 3 ) WORK F I E L D S 
D u r i n g t h e r e s e a r c h voyages, d e t a i l e d 
d e s c r i p t i o n s of work methods and equipment used were 
r e c o r d e d but t h e s e r e m a i n i n longhand form s i n c e t h e r a n g e 
of e q u i p m e n t s was too l a r g e t o a l l o w f o r any s i m p l e 
c o m p a r i s o n . T h e s e d e s c r i p t i o n s o f work method and equipment 
a s s i s t e d t h e l a t e r a n a l y s i s o f f u n c t i o n s and p r o v i d e a 
v a l u a b l e r e c o r d f o r f u t u r e r e s e a r c h e f f o r t . 
( 4 ) WORKER TRAITS 
T h e s e would not be i d e n t i f i e d o r r e c o r d e d 
s i n c e t h e i r p r i m a r y o b j e c t i s to I d e n t i f y c r i t e r i a f o r t h e 
l e v e l of e n t r y t o t h e p r o f e s s i o n . T h i s was not a f a c t o r t o 
be c o n s i d e r e d w i t h i n t h e c o n f i n e s of t h i s r e s e a r c h 
programme, s i n c e i t i n f r i n g e s h e a v i l y on t h e domain o f t h e 
i n d i v i d u a l employer and i s not a s u b j e c t o f n a t i o n a l 
p o l i c y . 
F i n e e t a l . (1974b, p.6) I l l u s t r a t e d i a g r a m m a t l e a l l y 
how the i n t e r r e l a t i o n of WORK, WORKER, & WORK ORGANIZATION 
combine t o produce E F F E C T I V E PERFORMANCE and WORKER GROWTH. 
T h e i r d i a g r a m h a s been e x t e n d e d and r e p r o d u c e d a s f i g u r e 
3.4 t o show how t h e r e q u i r e m e n t s of t h i s r e s e a r c h p r o j e c t 
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f i t i n t o t h e i r p h i l o s o p h i c a l framework and l e a d to even 
g r e a t e r s y s t e m e f f e c t i v e n e s s and p e r s o n a l growth. The 
a d a p t a t i o n s to F i n e & W i l e y ' s d i a g r a m a r e shown a s d o t t e d 








I TRAINING j 
1 QUALIFICATIONS i 






I NEW TECHNOLOGY < 
[ MECHANIZATION \ 
I SPECIALIZATION ' 
INTERRELATIONSHIPS OF WORK. WORKER & ORGANIZATION 
FIQURE 3.4 
After Fine. Holt, & Hutchinson 1974b 
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I t was f e l t , a t t h i s time, t h a t t h e F u n c t i o n a l Job 
A n a l y s i s t e c h n i q u e was not s u f f i c i e n t t o p r o v i d e the 
r e q u i r e d d a t a t o c o n f i r m the t e c h n i c a l p r a c t i c a l i t y of t h e 
i n t r o d u c t i o n of m a t r i x manning. T h i s was b e c a u s e F u n c t i o n a l 
Job A n a l y s i s d e s c r i b e s the g e n e r a l n a t u r e of a f u n c t i o n eg. 
whether i t i s DATA b a s e d o r c o n c e r n s PEOPLE i n t e r a c t i o n s , 
but g i v e s no i n d i c a t i o n a s t o t h e i m p o r t a n c e of the 
f u n c t i o n t o t h e whole s y s t e m o r i t s f r e q u e n c y o r d i f f i c u l t y 
of p e r f o r m a n c e . T h e r e f o r e an e x t r a a n a l y t i c a l a i d was 
sought. The l i t e r a t u r e r e v e a l e d t h a t a r a t i n g t e c h n i q u e 
used and d e s c r i b e d by Rof f & Watson C1961. pp. >, 
Welssman <1971, p. 183), Hannum C1980, p . 6 ) , and P e t e r s o n & 
Bownass (1982, p.64> c o u l d w e l l s u p p l y t h e e x t r a 
i n f o r m a t i o n t h a t was r e q u i r e d . The t e c h n i q u e p r o p o s e d was, 
i n a d d i t i o n t o F u n c t i o n a l J ob A n a l y s i s , t o r a t e f u r t h e r t h e 
f u n c t i o n a l s t a t e m e n t s i n term s of 
<a> FREQUENCY w i t h w h i c h t h e f u n c t i o n was 
performed. 
<b) C R I T I C A L I T Y of i n c o m p e t e n t p e r f o r m a n c e of t h e 
f u n c i i o n , 
<c) D I F F I C U L T Y of l e a r n i n g how t o p e r f o r m t h e 
f unc 11on. 
The r a t i n g s p r e v i o u s l y u s e d by o t h e r e x p o n e n t s had 
been s p e c i f i c t o t h e n a t u r e of t h e I n d u s t r y under s t u d y and 
were n o t s a t i s f a c t o r y f o r im m e d i a t e a p p l i c a t i o n t o s h i p 
o p e r a t i o n a l f u n c t i o n s . T h e r e f o r e t h e f o l l o w i n g r e v i s i o n s 
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were made to the e x i s t i n g r a t i n g s :-
(a ) FREQUENCY 
S h i p o p e r a t i o n s e x t e n d i n g a s t h e y do t h r o u g h 
c y c l i c p h a s e s , r e n d e r e d I t u s e f u l t o adopt t h e f o l l o w i n g 
f i v e p o i n t s c a l e f o r the p e r f o r m a n c e of f u n c t i o n s . The 
r a t i n g s a p p l i e d used t h e h i g h e s t number p o s s i b l e 
1. Randomly - p o s s i b l y n e v e r . 
2. Q u a r t e r l y or more f r e q u e n t l y . 
3. Monthly or more f r e q u e n t l y . 
4. Weekly or more f r e q u e n t l y . 
5. D a i l y o r more f r e q u e n t l y . 
(b) C R I T I C A L I T Y 
I t was n o t e d h e r e t h a t i n c o m p e t e n t 
p e r f o r m a n c e c o u l d have d r a s t i c e f f e c t s i n e a c h of t h r e e 
f i e l d s - PHYSICAL ENVIRONMENT, HUMAN L I F E . & FINANCIAL 
ENVIRONMENT. Thus a f i v e p o i n t s c a l e of c r i t i c a l i t y was 
d e v e l o p e d f o r e a c h of t h e s e f i e l d s a s shown 
PHYSICAL ENVIRONMENT 
1. Annoyance o r i n a p p r o p r i a t e . 
2. S l i g h t p o l l u t i o n . 
3. Moderate p o l l u t i o n . 
4. S e v e r e p o l l u t i o n . 
5. C a t a s t r o p h i c p o l l u t i o n . 
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HUMAN L I F E 
1. Annoyance or i n a p p r o p r i a t e . 
2. S l i g h t p e r s o n a l i n j u r y . 
3. M o d e r a t e / s e v e r e i n j u r y . 
4. S e v e r e i n j u r y o r f a t a l i t y . 
5. M u l t i p l e f a t a l i t i e s . 
FINANCIAL ENVIRONMENT 
1. Annoyance o r i n a p p r o p r i a t e . 
2. S l i g h t f i n a n c i a l l o s s . 
3. Moderate f i n a n c i a l l o s s . 
4. S e v e r e f i n a n c i a l l o s s . 
5. S e v e r e f i n a n c i a l l o s s p l u s c o m p e n s a t i o n c l a i m s . 
( c ) D I F F I C U L T Y 
D i f f i c u l t y of l e a r n i n g a s a s u b j e c t i v e 
r a t i n g was found t o be v e r y d i f f i c u l t t o q u a n t i f y s i n c e t h e 
d i f f i c u l t y of l e a r n i n g t o p e r f o r m a f u n c t i o n depended 
h e a v i l y on t h e i n i t i a l a b i l i t y of t h e s e a f a r e r . T h e r e f o r e 
the o r i g i n a l r a t i n g s of VERY EASY VERY D I F F I C U L T 
were r e p l a c e d by a f i v e p o i n t s c a l e w h i ch, i t i s argu e d , 
g i v e s a more r e a l i s t i c I n t e r p r e t a t i o n of t h e d i f f i c u l t y of 
a f u n c t i o n t o t y p i c a l s e a f a r e r s . 
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1. R e q u i r e s l i t t l e knowledge and low e x p e r i e n c e . 
2. R e q u i r e s l i t t l e knowledge and medium e x p e r i e n c e . 
3. R e q u i r e s medium knowledge and medium e x p e r i e n c e . 
4. R e q u i r e s medium knowledge and h i g h e x p e r i e n c e . 
5. R e q u i r e s h i g h knowledge and h i g h e x p e r i e n c e . 
I t i s b e l i e v e d t h a t t h i s s c a l e i s c a p a b l e of 
b r o a d l y r e c o r d i n g a l l t h e r a n g e s of b a l a n c e o f knowledge 
w i t h e x p e r i e n c e w h i c h a r e e s s e n t i a l f o r t h e s u c c e s f u l 
a c c o m p l i s h m e n t of a l l s e a f a r i n g f u n c t i o n s . T h e r e arq. o t h e r 
c o m b i n a t i o n s of knowledge and e x p e r i e n c e . T h e s e f a l l i n t o 
two g r o u p s . The f i r s t i s where t h e knowledge l e v e l i s 
c o n s i d e r a b l y h i g h e r t h a n t h e e x p e r i e n c e l e v e l . I t i s a r g u e d 
t h a t t h i s r e p r e s e n t s t h e p e r f o r m a n c e of t r a i n e e s and s i n c e 
the r e s e a r c h i s to r a t e ' s k i l l e d p e r s o n n e l ' t h e s e 
c o m b i n a t i o n s were not used. The s e c o n d i s where e x p e r i e n c e 
i s much g r e a t e r than knowledge. I t i s a r g u e d t h a t t h i s i s a 
c o m b i n a t i o n w h i c h would be o b s e r v e d on ' o l d f a s h i o n e d ' 
s h i p s where w o r k e r s p e r f o r m e d f u n c t i o n s w i t h o u t 
u n d e r s t a n d i n g , t h i s i s not t h e c a s e w i t h modern tonnage and 
c o n s e q u e n t l y t h e c o m b i n a t i o n was not used. 
Thus t h e methodology c o n s i s t s of a s e t of s h i p 
s y s t e m s s p l i t i n t o a b s t r a c t and then g e n e r a l i z e d f u n c t i o n a l 
s t a t e m e n t s . T h e s e s t a t e m e n t s a r e c o n t a i n e d i n Appendix 2. 
The a c c o m p l i s h m e n t of e a c h o f t h e s e f u n c t i o n a l s t a t e m e n t s 
was then o b s e r v e d a b o a r d s h i p ( o r t h e p e r f o r m e r s were 
i n t e r v i e w e d i f o b s e r v a t i o n was not p o s s i b l e ) and a longhand 
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r e p o r t was c o m p i l e d f o r e a c h of t h e s h i p s i n t h e s t u d y . The 
s h i p r e p o r t s were p a r a g r a p h e d n u m e r i c a l l y by f u n c t i o n a l 
s t a t e m e n t number to a l l o w r a p i d c o m p a r i s o n and r e f e r e n c e . 
The s h i p t y p e s o b s e r v e d a r e l i s t e d i n Appendix 3 but the 
s h i p r e p o r t s do not form p a r t o f t h i s t h e s i s due to the 
volume of m a t e r i a l . 
F i n a l l y the s h i p r e p o r t s were a v a i l a b l e f o r a n a l y s i s 
u s i n g t h e a s s e m b l e d t o o l c o n s i s t i n g of e l e m e n t s of 
F u n c t i o n a l J o b A n a l y s i s , namely r a t i n g s i n v o l v i n g DATA, 
THINGS & PEOPLE and a n a l y s i s r a t i n g s of FREQUENCY. 
C R I T I C A L I T Y & D I F F I C U L T Y . T h i s a n a l y t i c a l t o o l i s 
i l l u s t r a t e d o v e r l e a f a s f i g u r e 3.5 and an example of i t s 
a p p l i c a t i o n i s g i v e n a s f i g u r e 3.6. 
The f i n a l o u t p u t i s t h u s a n u m e r i c a l m a t r i x . 
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SUB-SYSTEM X SHIP TYPE A 
FREQUENCY CRITICALITY DIFFICULTY DATA THINGS PEOPLE 






LIQUEFIED GAS CARRIER 
FREQUENCY CRITICALITY DIFFICULTY DATA THINGS PEOPLE 
£ L F 
PLAN MENU 5 1 1 1 2 4 0 0 
ORDERING 3 1 1 2 2 4 0 7 




ENVIRONMENT, LIFE, FINANCE 
p^FF^cu^TY 
KNOW. EXPER, 
1 Randomly 1 Annoyance 1 
2 Quarterly 2 S l i g h t damage 2 KuOW EfiCD 
3 Monthly 3 Mod. damage 3 
4 Weekly 4 Heavy damage 4 KfiEO EM I a n 
5 Daily 5 Catastrophe 5 KMIGM EMZQH 
DATA THINGS PEOPLE 
1 Comparing 1 Handling 1 Helping 
2 Copying 2 Feeding/Of fbearing 2 Inf orming 
3 Comput ing 3 Tending 3 Persuading 
4 Compi1ing 4 Manipulating 4 Divert ing 
5 Analyz ing 5 Dr i V ing/Operat ing 5 Supervising 
6 InnovatIng 6 Operat ing/Control1Ing 6 I n s t r u c t i n g 
7 Coordinat ing 7 Precision working 7 Negotiating 
8 Synthesising 8 Setting up 8 Mentoring 
TABLE 3.2: SYSTEMS FUNCTIONAL ANALYSIS RATINGS 
Definitions of DATA. THINGS, PEOPLE l e v e l s are in appendix 1 
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The d e v e l o p e d method "SYSTEMS FUNCTIONAL ANALYSIS" 
thus c o n s i s t s of ;-
<i) a s e t of o p e r a t i o n a l s y s t e m s and s u b - s y s t e m s t o g e t h e r 
w i t h the f u n c t i o n a l s t a t e m e n t s w h i c h s a t i s f y t h o s e s y s t e m s . 
T h i s s e t of s y s t e m s and f u n c t i o n s p r o v i d e s a framework f o r 
e f f e c t i v e o b s e r v a t i o n and r e c o r d i n g o f s h i p b o a r d 
o p e r a t i o n s . 
( i i ) a s e t o f measurements w h i c h a l l o w r a t i n g s to be 
p l a c e d on e a c h f u n c t i o n i n terms of l e v e l of i n t e r a c t i o n o f 
DATA. THINGS, PEOPLE. FREQUENCY, C R I T I C A L I T Y . and 
DIFFICULTY. 
CONCLUSIONS TO CHAPTER 3 
T h i s c h a p t e r d e m o n s t r a t e s t h a t a s h i p may u s e f u l l y be 
viewed a s a number of i n t e r a c t i n g s u b - s y s t e m s . I t f u r t h e r 
shows t h a t . an a n a l y s i s of s k i l l s r e q u i r e d f o r a c o m p l e t e 
i n d u s t r i a l o r g a n i z a t i o n h a s n e v e r b e f o r e been a t t e m p t e d . 
P r e v i o u s work h a s c o n c e n t r a t e d on s p e c i f i c a r e a s o f 
e n t e r p r i s e s , eg. m i l l i n g machine o p e r a t i v e s . The work o f 
Rasmussen shows t h a t i n d u s t r i a l f u n c t i o n s may be p l a c e d 
a l o n g an a x i s r a n g i n g from f u n c t i o n s a t t h e p h y s i c a l 
extreme to f u n c t i o n s a t t h e p u r p o s e f u l e x t r e m e . T h i s r a n g e 
of f u n c t i o n s a g r e e s w i t h many o t h e r a u t h o r s and o b s e r v e r s 
and i s s e e n t o a g r e e w i t h t h e c u r r e n t h i e r a r c h i c a l 
s t r u c t u r e of work and d e c i s i o n making a b o a r d s h i p s . T h i s 
s c a l i n g of f u n c t i o n s a l l o w s t h e a n a l y s i s of s h i p b o a r d 
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f u n c t i o n s i n t o h i g h l e v e l p u r p o s e f u l f u n c t i o n s w i t h a 
g r a d u a l d e g r a d a t i o n i n t o f u n c t i o n s a t t h e p h y s i c a l l e v e l . 
T h i s m e ans t h a t o b s e r v a t i o n s a b o a r d s h i p s may b e made a t 
a n y p r e - d e t e r m i n e d l e v e l . T h e l e v e l o f a n a l y s i s c h o s e n f o r 
t h i s t h e s i s i s d i s p l a y e d i n A p p e n d i x 2. 
F u n c t i o n a l J o b A n a l y s i s e m e r g e d f r o m t h e l i t e r a t u r e 
r e v i e w a s a p o t e n t i a l l y u s e f u l a n a l y t i c a l t e c h n i q u e . I t i s 
shown i n t h i s c h a p t e r how e l e m e n t s f r o m t h e F u n c t i o n a l J o b 
A n a l y s i s a r e i n c o r p o r a t e d i n t o t h e c u r r e n t r e s e a r c h t o o l . 
T h e r a t i n g s o f DATA, T H I N G S & P E O P L E a r e s e e n a s c a p a b l e o f 
g i v i n g many c o m p a r a t i v e d e s c r i p t i o n s t o s h i p b o a r d 
f u n c t i o n s . T h e s e c o m p a r i s o n s o f f u n c t i o n a l t y p e s a r e 
n e c e s s a r y t o v a l i d a t e t h e r e c l u s t e r i n g o f f u n c t i o n s t o 
a c c o m o d a t e a m a t r i x t y p e o r g a n i z a t i o n . H o w e v e r i n o r d e r t o 
f u l l y t e s t f o r v a l i d i t y o f m a t r i x s u i t a b i l i t y i t i s 
n e c c e s a r y t o d e t e r m i n e s u c h t h i n g s a s c r i t l c a l i t y o f 
f u n c t i o n i n o r d e r t o a s c e r t a i n t h o s e f u n c t i o n s w h i c h may be 
c o n s i d e r e d a s p r i m a r y . A l s o r a t i n g s o f f r e q u e n c y a r e 
n e c e s s a r y i n o r d e r t o a s s e s s t h e t e m p o r a l d i s p o s i t i o n o f 
w o r k l o a d a m o n g s t t h e m a t r i x p e r s o n n e l . R a t i n g s o f 
d i f f i c u l t y o f f u n c t i o n p e r f o r m a n c e a r e n e c e s s a r y t o 
d e t e r m i n e t r a i n i n g r e q u i r e m e n t s f o r a m a t r i x o r g a n i z a t i o n , 
p a r t i c u l a r l y t h e d e v e l o p m e n t o f w h a t H e r b s t <1974, p. 5 9 ) 
c a l l s t h e d e v e l o p m e n t o f a t e a c h i n g - 1 e a r n 1 n g c u l t u r e b a s e d 
on t h e t o t a l c r e w on b o a r d . 
T h e d e v e l o p e d a n a l y t i c a l t o o l i s c a p a b l e o f 
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p r o v i d i n g a n s w e r s t o a h o s t o f q u e s t i o n s p e r t i n e n t t o 
p r o b l e m s i n v o l v i n g s h i p s * c r e w s o p e r a t i n g w i t h i n c h a n g i n g 
t e c h n i c a l a n d e c o n o m i c e n v i r o n m e n t s a n d s u b j e c t t o t h e 
i n f l u e n c e s o f t h e s o c i a l a n d l e g a l e n v i r o n m e n t s . T h e 
s p e c i f i c theme o f t h i s t h e s i s i s t o v e r i f y t h a t i t i s 
p o s s i b l e t o r e c l u s t e r t h e s h i p f u n c t i o n s i n t o a f o r m t h a t 
a l l o w s t h e i r f u l f i l l m e n t by a c r e w o r g a n i z e d o n a m a t r i x 
p r i n c i p l e a s d e s c r i b e d by H e r b s t ( 1 9 7 4 ) a n d S m i t h St Roggema 
< 1 9 8 0 a ) . T h e r a t i n g s o f DATA. T H I N G S & P E O P L E a l l o w s 
s i m i l a r f u n c t i o n t y p e s t o b e c l u s t e r e d t o g e t h e r . T h e 
C R I T I C A L I T Y r a t e a l l o w s t h e d e t e c t i o n o f t h o s e f u n c t i o n s 
w h i c h a r e p r i m a r y a s c o m p a r e d t o t h o s e w h i c h a r e s e c o n d a r y . 
T h e r a t i n g o f FREQUENCY a l l o w s t h e d e t e c t i o n o f t h o s e 
f u n c t i o n s w h i c h may g e n e r a t e p e a k w o r k l o a d s . F i n a l l y t h e 
m e a s u r e s o f D I F F I C U L T Y w i l l a l l o w a s s e s s m e n t s t o be made a s 
t o t h e p o s s i b i l i t y o f p r o d u c i n g a n o n - b o a r d l e a r n i n g 
c u l t u r e . 
T h e f o l l o w i n g C h a p t e r d e s c r i b e s t h e e x p e r i e n c e o f 
o b t a i n i n g t h e r e l e v a n t d a t a a n d C h a p t e r 5 d e s c r i b e s t h e 
r e s u l t s o b t a i n e d . 
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USE OF A N A L Y T I C A L TOOL ON P I L O T VOYAGE 
I n o r d e r t o a s s e s s t h e a p p l i c a b i l i t y o f t h e d e s i g n e d 
r e c o r d i n g a n d a n a l y s i s m e t h o d f o r u s e a b o a r d s h i p a p i l o t 
s t u d y v o y a g e w a s c a r r i e d o u t I n A p r i l 1 9 8 5 . T h i s p i l o t 
s t u d y was c a r r i e d o u t a b o a r d a v e r y l a r g e c r u d e c a r r i e r 
( V L C C . ) t r a d i n g b e t w e e n N o r t h S e a o i l p r o d u c t i o n p l a t f o r m s 
a n d v a r i o u s p o r t s I n t h e U.K. a n d t h e n e a r c o n t i n e n t . T h e 
m a n n i n g s t r u c t u r e w a s t y p i c a l o f a m o d e r n v e s s e l a n d 
c o n f o r m e d c l o s e l y t o f i g u r e 1.1 ( p a g e 3 ) . 
T h e s h i p p r o v e d t o be a n e x c e l l e n t f i r s t c h o i c e f o r 
r e s e a r c h p u r p o s e s d ue t o : -
( i > t h e t y p i c a l i t y o f i t s c r e w s t r u c t u r e 
< i i ) t h e s h o r t d u r a t i o n o f i t s v o y a g e p h a s e s -
l o a d i n g , s e a p a s s a g e , p i l o t a g e , d i s c h a r g i n g , p i l o t a g e , s e a 
p a s s a g e , l o a d i n g , w h i c h a l l o w e d t w o c o m p l e t e c y c l e s 
t o be o b s e r v e d i n t h e a v a i l a b l e t i m e . 
< l l i > t h e v e s s e l c o m p r i s e d a r e a s o n a b l y s t a n d a r d 
c o n s t r u c t i o n V L C C b u t d u e t o t h e r e l a t i v e l y m o d e r n n a t u r e 
o f i t s work, s e r v i c i n g N o r t h S e a i n s t a l l a t i o n s , a n d i t s 
p r o x i m i t y t o home p o r t s , i t w a s f i t t e d w i t h v a r i o u s h i g h 
t e c h n o l o g y e q u i p m e n t i n o r d e r t o c a r r y o u t o p e r a t i o n a l 
t r i a l s o f s u c h e q u i p m e n t . T h u s , f o r t h e p u r p o s e s o f t h i s 
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r e s e a r c h i t w a s p o s s i b l e t o c o m p a r e b o t h t r a d i t i o n a l 
m e t h o d s o f f u n c t i o n a c c o m p l i s h m e n t w i t h m e t h o d s u t i l i s i n g 
m o dern t e c h n o l o g i c a l a i d s . 
On c o m m e n c i n g r e s e a r c h a c t i v i t y d u r i n g t h e p i l o t 
v o y a g e , h o w e v e r , 4 m a j o r o b s e r v a t i o n a l p r o b l e m s w h i c h h a d 
n o t b e e n a n t i c i p a t e d b e c a m e i m m e d i a t e l y a p p a r e n t . : - . 
1. S I N G L E O B S E R V E R 
T h e c o m p l e x i t y a n d s i m u l t a n e i t y o f o p e r a t i o n s , 
p a r t i c u l a r l y a t p e r i o d s o f p e a k a c t i v i t y , c o u l d n o t b e 
o b s e r v e d by a s i n g l e r e c o r d e r . 
T h i s p r o b l e m w a s c i r c u m v e n t e d by t h e u s e o f t h e 
s y s t e m s f u n c t i o n a l d e s c r i p t i o n o f t h e s h i p . T h i s w a s u s e d 
a s a c h e c k l i s t a n d a i d e - m e m o i r e i n o r d e r t o d e t e r m i n e t h o s e 
f u n c t i o n s w h i c h h a d n o t b e e n o b s e r v e d d u e t o t h e 
r e s e a r c h e r ' s a t t e n t i o n b e i n g d i r e c t e d e l s e w h e r e . T h u s a 
f u n c t i o n w h i c h h a d e s c a p e d o b s e r v a t i o n w a s a n a l y z e d b y 
means o f s t r u c t u r e d i n t e r v i e w s w i t h t h o s e o p e r a t o r s 
p e r f o r m i n g s u c h f u n c t i o n s . T h e s e s t r u c t u r e d I n t e r v i e w s w e r e 
d e s i g n e d s o t h a t d u r i n g a d i s c u s s i o n o f t h e f u n c t i o n 
n e e d i n g a n a l y s i s t h e r e s e a r c h e r d e t e r m i n e d t h e h i g h e s t 
l e v e l o f DATA h a n d l i n g i n v o l v e d , t h e h i g h e s t l e v e l o f 
m a n / m a c h i n e i n t e r a c t i o n , T H I N G S l e v e l , a n d t h e n a t u r e o f 
t h e l i a i s o n b e t w e e n t h e P E O P L E i n v o l v e d f o r t h e 
a c c o m p l i s h m e n t o f t h e f u n c t i o n . F u r t h e r , t h e r e s e a r c h e r 
e n q u i r e d a s t o t h e FREQUENCY o f p e r f o r m a n c e o f t h e 
f u n c t i o n , t h e d e g r e e o f D I F F I C U L T Y t h e p e r f o r m e r p e r c e i v e d 
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i n l e a r n i n g t o f u l f i l t h e f u n c t i o n a n d f i n a l l y t o d e t e r m i n e 
t h e i m m e d i a t e e f f e c t s o f i n c o m p e t e n t l y p e r f o r m i n g t h a t 
f u n c t i o n i n r e l a t i o n t o t h e p h y s i c a l e n v i r o n m e n t , human 
l i f e , a n d t h e f i n a n c i a l s y s t e m . 
F o r e x a m p l e , w h i l e t h e o b s e r v e r w a s on t h e n a v i g a t i n g 
b r i d g e d u r i n g a m o o r i n g o p e r a t i o n t h e p r a c t i c a l f u n c t i o n o f 
s e c u r i n g t h e v e s s e l w i t h t h e r o p e s c o u l d n o t b e d i r e c t l y 
o b s e r v e d . D i s c u s s i o n w i t h t h o s e p e r s o n s e n g a g e d i n t h i s 
f u n c t i o n a f t e r t h e e v e n t r e v e a l e d t h a t :-
( i ) T h i s f u n c t i o n e n t a i l e d t h e a d h o c m o d i f y i n g o r 
a l t e r i n g o f a s t a n d a r d m o o r i n g o p e r a t i o n i n o r d e r t o meet 
t h e u n i q u e s i t u a t i o n p o s e d by t h e p o r t i n a c c o r d a n c e w i t h 
m o o r i n g p r i n c i p l e s . T h u s t h e DATA h a n d l i n g l e v e l was 
a c c e p t e d by b o t h p e r f o r m e r a n d r e s e a r c h e r t o b e L E V E L 6 
INNOVATION. 
< i i > S i n c e t h e f u n c t i o n o f m o o r i n g i n v o l v e d t h e u s e 
o f h u m ans a n d s p e c i f i c e q u i p m e n t < r o p e s , w i n c h e s ) w i t h no 
l a t i t u d e f o r s e l e c t i o n o f t h e e q u i p m e n t o r s t a n d a r d o f 
p e r f o r m a n c e i t w a s a g r e e d b e t w e e n t h e p e r f o r m e r a n d 
r e s e a r c h e r t h a t m o o r i n g f e l l i n t o t h e T H I N G S L E V E L 1 
HANDLING. 
< i i i ) S i n c e m o o r i n g i n v o l v e s t h e c o h e s i v e e f f o r t o f 
s e v e r a l p e r s o n s t h e n t h e h i g h e s t l e v e l o f i n t e r a c t i o n i s 
t h a t o f a s s i g n i n g t h e s p e c i f i c t a s k s a n d e n s u r i n g t h e i r 
c o m p l e t i o n w h i c h w a s t h u s r e c o r d e d a s P E O P L E L E V E L 5 
S U P E R V I S I N G . 
Ph.D. T H E S I S P a g e 107 
4. DATA C O L L E C T I O N 
C i v ) M o o r i n g on t h i s p a r t i c u l a r v e s s e l w a s d e t e r m i n e d 
a s o c c u r i n g a t a p p r o x i m a t e l y w e e k l y i n t e r v a l s - FREQUENCY 
S C A L E 4. 
<v> T h e p e r s o n s e n g a g e d i n t h e m o o r i n g o p e r a t i o n w e r e 
o f t h e o p i n i o n t h a t t h e k n o w l e d g e r e q u i r e m e n t w a s n o t h i g h 
b u t t h a t i n o r d e r t o p e r f o r m c o m p e t e n t l y t h e p e r f o r m e r 
n e e d e d more t h a n a l i t t l e e x p e r i e n c e o f m o o r i n g o p e r a t i o n s . 
T h u s a l l c o n c e r n e d a g r e e d t h a t D I F F I C U L T Y S C A L E 2 w o u l d be 
a p p r o p r i a t e i e . LOW KNOWLEDGE: MEDIUM E X P E R I E N C E . 
< v i ) When, d u r i n g t h e c o u r s e o f t h e I n t e r v i e w , t h e 
e f f e c t s o f i n c o m p e t e n t p e r f o r m a n c e o f t h e m o o r i n g f u n c t i o n 
was d i s c u s s e d t h e c o n s e n s u s o f o p i n i o n w a s :— 
a ) t h e r e w a s no r e a l r i s k t o t h e e n v i r o n m e n t a s a n 
IMMEDIATE e f f e c t o f i n c o m p e t e n t l y m o o r i n g t h e v e s s e l a n d 
t h u s L E V E L 1 I N A P P L I C A B L E w a s u s e d . 
b> d u e t o t h e n a t u r e o f t h e w o r k , h a n d l i n g r o p e s 
u n d e r h i g h t e n s i o n , t h e r e w a s a r i s k , I f I n c o m p e t e n t l y 
p e r f o r m e d , o f s u f f e r i n g p e r s o n a l i n j u r y . I t w a s a g r e e d t h a t 
t h e c o r r e c t m e a s u r e h e r e w o u l d t h e r e f o r e b e L E V E L 2 S L I G H T 
PERSONAL I N J U R Y . 
c> a l l c o n c e r n e d a g r e e d t h a t , a s f a r a s t h e w h o l e 
f i n a n c i a l v e n t u r e w a s c o n c e r n e d , a n y i n c o m p e t e n t 
p e r f o r m a n c e w o u l d o n l y be a t L E V E L 1 ANNOYANCE. 
T h e s e s t r u c t u r e d i n t e r v i e w s , w h i l s t c o n s u m i n g much 
t i m e a n d i n v o l v i n g much d i s c u s s i o n e n a b l e d t h e r e s e a r c h e r 
t o c l a r i f y t h e d e f i n i t i o n s o f e a c h r a t i n g . I t a l s o s e r v e d 
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t o i n v o l v e t h e s h i p ' s c r e w a n d t o a l l e v i a t e t h e n a t u r a l 
i n i t i a l s u s p i c i o n . 
2. UNIQUENESS OF S H I P 
T h e o b s e r v a t i o n s w h i c h w e r e made r e p r e s e n t e d o n l y a 
u n i q u e s n a p s h o t o f o n e s h i p o f t h e t y p e s e l e c t e d , w i t h a n 
i n d i v i d u a l a n d u n i q u e c r e w , e n g a g e d i n o p e r a t i o n s w h i c h 
w e r e a m i x t u r e o f ' s t a n d a r d ' a n d u n i q u e . 
I t w a s f o u n d d u r i n g t h e s t r u c t u r e d i n t e r v i e w s t h a t 
most c r e w members a b o a r d t h e s h i p u n d e r s t u d y h a d s a l . l e d o n 
o t h e r s h i p s o f a s i m i l a r t y p e . D u r i n g t h e i n t e r v i e w s i t 
e m e r g e d t h a t t h e r e a r e ' s t a n d a r d ' o p e r a t i o n s on b o a r d e a c h 
s h i p a n d t h a t t h e s e s t a n d a r d o p e r a t i o n s a r e m o d i f i e d on 
e a c h o c c a s i o n , t o a g r e a t e r o r l e s s e r e x t e n t , t o p r o v i d e 
t h e u n i q u e o p e r a t i o n w h i c h i s o b s e r v e d . T h e r e f o r e t h e 
s t r u c t u r e d i n t e r v i e w s p r e s e n t e d a n a n a l y s i s o f t h e s h i p 
t y p e r a t h e r t h a n j u s t a n a n a l y s i s o f t h e v e s s e l u n d e r 
s t u d y . T h e t e c h n i q u e o f e n q u i r i n g a s t o t h e t y p i c a l i t y o f 
an o b s e r v e d f u n c t i o n f o r o t h e r s h i p s o f t h i s t y p e w a s 
t h e r e f o r e p u r s u e d a s a p a r t o f t h e a n a l y t i c a l t e c h n i q u e 
e v e n f o r t h o s e f u n c t i o n s w h i c h w e r e d i r e c t l y o b s e r v e d . 
3. E X P E R I E N C E OF OBSERVER 
I n e x p e r i e n c e d o b s e r v e r s c o u l d o n l y v i e w o p e r a t i o n s 
a t t h e ' p h y s i c a l ' e n d o f t h e R a s m u s s e n a x i s a n d d e c i s i o n s 
a t t h e ' p u r p o s e f u l ' c o u l d v e r y w e l l b e m i s s e d . 
T h i s p r o b l e m w a s o v e r c o m e by p r o v i d i n g a r e s e a r c h 
t e a m o f two p e o p l e - o n e q u a l i f i e d n a v i g a t o r a n d a 
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q u a l i f i e d m a r i n e e n g i n e e r - t o v i s i t e a c h o f t h e s h i p 
t y p e s . T h e e n g i n e e r a n d n a v i g a t o r r e s e a r c h e r s s a i l e d 
t o g e t h e r on t h e same s h i p s . I n t h i s way t h e n o n - a p p a r e n t 
d e c i s i o n m a k i n g p r o c e s s e s c o u l d b e o b s e r v e d b e c a u s e t h e 
t e c h n i c a l l y e x p e r i e n c e d r e s e a r c h e r c o u l d u n d e r s t a n d t h e 
o p e r a t i o n s a t a l e v e l a b o v e t h e p h y s i c a l l y o b s e r v a b l e . 
4. 24-HOUR OPERATION 
T h e s h i p c h o s e n f o r t h e i n i t i a l s t u d y , i n common w i t h 
t h e v a s t m a j o r i t y o f m e r c h a n t v e s s e l s , i s o p e r a t i o n a l f o r 
24 h o u r s e v e r y d a y a n d t h e r e f o r e c o n t i n u i t y o f o b s e r v a t i o n 
w a s i m p o s s i b l e . 
T h i s p r o b l e m w a s a l l e v i a t e d b y t h e o b s e r v e r e n s u r i n g 
t h a t a l l t h e r o u t i n e f u n c t i o n s w e r e o b s e r v e d a n d r e c o r d e d 
a n d b y c o n s t a n t q u e s t i o n i n g a s t o w h a t h a d o c c u r r e d w i t h i n 
a l l t h e s u b - s y s t e m s d u r i n g t h e p e r i o d s when t h e o b s e r v e r 
w a s n o t p r e s e n t . A l s o , i f a n u n u s u a l c i r c u m s t a n c e c o u l d b e 
p r e d i c t e d t h e n t h e o b s e r v e r a r r a n g e d t o be on h a n d i n o r d e r 
t o r e c o r d t h e e v e n t s . 
O n c e t h e s o l u t i o n s t o t h e s e f o u r p r o b l e m s h a d b e e n 
c o n c e i v e d a n d I m p l e m e n t e d t h e p i l o t v o y a g e w a s c o n c l u d e d 
a n d t h e m e t h o d o l o g y , a n a l y t i c a l t o o l , a n d d a t a g a t h e r e d 
w e r e a s s e s s e d . 
METHODOLOGY OF DATA C O L L E C T I O N 
A f t e r t h e e x p e r i e n c e s o f t h e p i l o t v o y a g e i t w a s 
p r o p o s e d t o p u r s u e t h e f o l l o w i n g m e t h o d o l o g y on s u b s e q u e n t 
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r e s e a r c h v o y a g e s :-
1. To t a k e on b o a r d t h e l i s t o f f u n c t i o n a l s t a t e m e n t s 
t o a c t a s a n a i d e - m e m o i r e a n d t o a s s i s t i n t h e c o m p i l a t i o n 
o f t h e s h i p r e p o r t s . 
2. T o h a v e a p r o f e s s i o n a l l y a w a r e o b s e r v e r d i r e c t l y 
t o r e c o r d a s much a s p o s s i b l e o f t h e s h i p o p e r a t i o n s i e . a t 
l e a s t o n e n a v i g a t o r a n d o n e m a r i n e e n g i n e e r . 
3. T o s u p p l e m e n t t h e o b s e r v a t i o n s w i t h q u e s t i o n s 
d e s i g n e d t o d e t e c t t h e t y p i c a l i t y o f t h e o b s e r v a t i o n t o 
o t h e r s h i p s o f s i m i l a r c l a s s . 
4. T o u t i l i s e a s t r u c t u r e d I n t e r v i e w t e c h n i q u e t o 
a s s e s s r a t i n g s o f DATA, THINGS, P E O P L E , FREQUENCY, 
C R I T I C A L I T Y , & D I F F I C U L T Y f o r t h o s e f u n c t i o n s n o t d i r e c t l y 
o b s e r v e d . S u c h I n t e r v i e w s s h o u l d d r a w o u t t h e r a t i n g s f o r 
t h e s h i p t y p e r a t h e r t h a n t h e u n i q u e s h i p u n d e r s t u d y . 
USE OF ANALYTICAl, TOOL 
T h e e x p e r i e n c e o f t h e r e s e a r c h e r d u r i n g t h e p i l o t 
v o y a g e w a s t h a t I t w a s p o s s i b l e , w i t h c a r e , t o I m p o s e 
u n i q u e l e v e l s o f DATA. THINGS. P E O P L E . FREQUENCY, 
C R I T I C A L I T Y , & D I F F I C U L T Y t o e a c h o f t h e f u n c t i o n s o b s e r v e d 
o r d i s c u s s e d . T h e c a r e w h i c h h a d t o b e t a k e n w a s f o u r f o l d : -
1. W h i l s t u s i n g t h e F u n c t i o n a l J o b A n a l y s i s t e c h n i q u e 
i e . a s s i g n i n g l e v e l s o f DATA, THINGS. & P E O P L E I t I s 
i m p o r t a n t t o a s s i g n t h e h i g h e s t l e v e l o b s e r v e d a s t h a t 
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p e r t a i n i n g t o t h e f u n c t i o n . T h u s t h e n a v i g a t i o n a l f u n c t i o n 
o f d e t e r m i n i n g t h e s h i p ' s p o s i t i o n may I n v o l v e d a t a 
h a n d l i n g l e v e l s o f c o m p a r i s o n , c o m p i l i n g , c o m p u t i n g , a n d 
a n a l y z i n g b u t a l l t h e s e a r e p r e r e q u i s i t e s o f t h e o v e r a l l 
f u n c t i o n w h i c h i s L E V E L 7 COORDINATING. 
2. W h i l s t a s s i g n i n g a m e a s u r e m e n t t o FREQUENCY c a r e 
h a s t o be t a k e n t o r e c o r d t h e u s u a l f r e q u e n c y r a t h e r t h a n 
t h a t i m m e d i a t e l y o b s e r v e d . T h u s a s h i p w h i c h t r a d e d a c r o s s 
t h e N o r t h A t l a n t i c w o u l d n o r m a l l y o p e r a t e c a r g o ha,ndl i n g 
e q u i p m e n t a t w e e k l y i n t e r v a l s a n d w o u l d r e c e i v e a FREQUENCY 
r a t i n g o f 4 e v e n t h o u g h t h e u n i q u e r e s e a r c h v o y a g e h a p p e n e d 
t o o b s e r v e two c a r g o h a n d l i n g o p e r a t i o n s s e p a r a t e d o n l y by 
a d a y , t h i s b e i n g a n u n u s u a l o c c u r r e n c e . 
3. C a r e h a d t o be t a k e n when a s s i g n i n g m e a s u r e s o f 
C R I T I C A L I T Y t h a t t h e s e r e f e r r e d o n l y t o t h e IMMEDIATE 
c o n s e q u e n c e s o f i n c o m p e t e n t p e r f o r m a n c e . F o r e x a m p l e b a d l y 
p r e p a r e d f o o d i s a n i m m e d i a t e a n n o y a n c e a n d d e m a n d s L E V E L 1 
e v e n t h o u g h t h e REMOTE c o n s e q u e n c e may b e s e v e r e f o o d 
p o i s o n i n g l e a d i n g t o a c a t a s t r o p h e . 
4. F i n a l l y , t h e a l l o c a t i o n o f l e v e l s o f D I F F I C U L T Y 
r e q u i r e d c a r e f u l d i s c u s s i o n b e t w e e n t h e r e s e a r c h e r s a n d 
t h o s e b e i n g o b s e r v e d o r i n t e r v i e w e d I n o r d e r t o r e m o v e 
i n d i v i d u a l b i a s a n d s u b j e c t i v i t y a s f a r a s p o s s i b l e . 
SAMPLE OF S H I P T Y P E S 
I n o r d e r t o o b s e r v e a n d r a t e t h e p e r f o r m a n c e o f t h e 
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d e t e r m i n e d s h i p f u n c t i o n s i t w a s d e c i d e d t h a t a s a m p l e o f 
s h i p t y p e s w o u l d be c h o s e n w h i c h r e f l e c t e d , a s f a r a s 
p o s s i b l e , t h e f u t u r e c o m p o s i t i o n o f t h e B r i t i s h m e r c h a n t 
f l e e t . O i l m a n a n d C o x ( 1 9 8 6 , s e c t i o n 1> h a v e a n a l y z e d t h e 
c o m p o s i t i o n o f t h e f l e e t i n g r e a t d e t a i l f o r t h e p e r i o d 
f r o m 1972 t o 1984. T h e i r f i n d i n g s r e i n f o r c e t h e a s s e r t i o n s 
made i n e a r l i e r c h a p t e r s t h a t t h e r e i s , i n t h e i r w o r d s , ' a 
s t e a d y a n d a b s o l u t e d e c l i n e o f t h e t o t a l f l e e t i n t e r m s o f 
n u m b e r s a n d t o t a l d e a d w e i g h t c a p a c i t y . * O i l m a n a n d C o x 
a s s e m b l e t h e i r f i g u r e s u s i n g b a s i c a l l y t h r e e c a t e g o r i e s o f 
s h i p s :-
L I N E R S 
T h e y d e f i n e t h e s e a s d r y c a r g o s h i p s o p e r a t i n g o n a 
r e g u l a r s c h e d u l e d s e r v i c e . T h i s g r o u p i n g i n c l u d e s p a s s e n g e r 
s h i p s , f e r r i e s , g e n e r a l c a r g o s h i p s , a n d f u l l y c e l l u l a r 
c o n t a i n e r v e s s e l s . 
TRAMPS 
O i l m a n a n d C o x d e f i n e t r a m p s a s d r y c a r g o s h i p s n o t 
o p e r a t i n g o n a r e g u l a r s c h e d u l e d s e r v i c e . T h e y i n c l u d e i n 
t h i s g r o u p b u l k c a r r i e r s , l a r g e a n d s m a l l , i n a d d i t i o n t o 
t h e g e n e r a l c a r g o s h i p s c a r r y i n g p a r c e l s o f p a c k a g e d c a r g o . 
TANKERS 
T h e y g r o u p a l l t a n k e r s t o g e t h e r f o r s t a t i s t i c a l 
p u r p o s e s b u t make i t c l e a r t h a t t h i s i s a d i v e r s e g r o u p i n 
b o t h t y p e s a n d s i z e s . T h i s g r o u p I n c l u d e s c r u d e o i l 
c a r r i e r s , r e f i n e d p r o d u c t s t a n k e r s , c h e m i c a l c a r r i e r s , a n d 
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NUMBER OF 












1972 73 U 75 7S 77 78 79 89 81 82 83 8i 
YEAR 
REDUCTION IN B R I T I S H MERCHANT 
F L E E T 1 972 - 1 9 8 4 
F i g u r e 4. 1 
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l i q u e f i e d g a s c a r r i e r s . 
T h e d e c l i n e i n e a c h o f t h e s e g r o u p s , a n d i n t h e f l e e t 
a s a w h o l e , i s d e p i c t e d i n f i g u r e 4 . 1 . O i l m a n a n d C o x 
p r o d u c e many more s t a t i s t i c s w h i c h r e l a t e t o t h e s i z e 
g r o u p i n g s a n d t r a d i n g p a t t e r n s o f t h e s e s h i p s a n d p r e s e n t 
t h e i r c o n c l u s i o n s a s t o t h e f u t u r e I n t e r m s o f t h e t h r e e 
g r o u p s m e n t i o n e d a b o v e p l u s comment o n t h e r e l a t i v e l y new 
t r a d e i n v o l v e d w i t h s u p p o r t i n g t h e N o r t h S e a O i l i n d u s t r y . 
L I N E R S 
O i l m a n a n d C o x d e m o n s t r a t e t h a t t h e c e l l u l a r 
c o n t a i n e r v e s s e l s h a v e m a i n t a i n e d t h e i r n u m b e r s o v e r t h e 
t w e l v e y e a r p e r i o d a n d h a v e i n c r e a s e d i n a v e r a g e s i z e . T h e y 
i n d i c a t e t h a t s h o r t s e a f e r r y o p e r a t i o n h a s d i s p l a y e d 
g r o w t h i n t h e t r a d e w i t h N o r t h w e s t E u r o p e . T h e m a j o r a r e a 
o f d e c l i n e i s d e t e r m i n e d a s b e i n g d r y c a r g o s h i p s a b o v e 
5 , 0 0 0 dwt. ( d e a d w e i g h t t o n n e s ) . T h e c o n c l u s i o n s w h i c h may 
be d r a w n f r o m t h e a n a l y s i s o f O i l m a n a n d C o x i s t h a t t h e 
f u t u r e B r i t i s h f l e e t w i l l c o n t a i n c e l l u l a r c o n t a i n e r 
v e s s e l s , s h o r t s e a f e r r i e s a n d a d e c l i n i n g n u m b e r o f d r y 
c a r g o v e s s e l s . 
TRAMPS 
T h e d e c l i n e i n t h e n u m b e r o f t r a m p s h i p s i s , 
a c c o r d i n g t o G l l m a n a n d Cox, a c o m p o s i t e o f two f a c t o r s . 
F i r s t l y t h e l a r g e b u l k c a r r i e r s h a v e s h o w n a d r a m a t i c 
d e c l i n e a n d h a v e v i r t u a l l y d i s a p p e a r e d . I n c o n t r a s t , t h e 
s m a l l a n d medium s i z e d b u l k c a r r i e r s p l y i n g N o r t h w e s t 
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E u r o p e a n d t h e M e d i t e r r a n e a n h a v e s h o w n a n i n c r e a s e i n 
n u m b e r s . S e c o n d l y t h e w o r l d w i d e d r y c a r g o t r a m p s h a v e 
d e c r e a s e d i n n u m b e r. T h o s e t h a t r e m a i n a r e more 
s p e c i a l i z e d , eg. r e f r i g e r a t e d c a r g o s h i p s , a n d a r e more 
m e c h a n i z e d , eg. l a b o u r s a v i n g c a r g o h a n d l i n g d e v i c e s . T h e 
c o n c l u s i o n s w h i c h may b e d r a w n f o r t h e f u t u r e f r o m t h i s 
a n a l y s i s o f O i l m a n a n d C o x I s t h a t t h e f u t u r e B r i t i s h f l e e t 
w i l l c o n t a i n s m a l l a n d m e d i u m s i z e d b u l k c a r r i e r s t o g e t h e r 
w i t h s p e c i a l i z e d d r y c a r g o t o n n a g e s u c h a s r e f r i g e r a t e d 
v e s s e l s . O i l m a n a n d C o x a l s o p r e d i c t t h a t o i l r i g s u p p o r t 
v e s s e l s w i l l m a i n t a i n a p r o m i n e n t p o s i t i o n I n t h e 
c o m p l e m e n t o f a f u t u r e B r i t i s h f l e e t a n d , w h i l s t d i f f i c u l t 
t o c l a s s i f y , may be c o n s i d e r e d t o be t r a m p i n g v e s s e l s . 
TANKERS 
T h e r e d u c t i o n i n t a n k e r n u m b e r s d e t e c t e d by O i l m a n 
a n d C o x I s n o t a s d r a m a t i c a s t h a t I n t h e o t h e r two g r o u p s . 
H o w e v e r t h e y s t r e s s t h a t when s i z e s o f s h i p s a r e c o n s i d e r e d 
t h e n t h e t a n k e r f l e e t d i s p l a y s t h e l a r g e s t d e c l i n e . T h e y 
d e m o n s t r a t e t h a t t h e d e c r e a s e I n t h e n u m b e r o f l a r g e c r u d e 
c a r r i e r s a n d r e f i n e d p r o d u c t s t a n k e r s I s c o m p e n s a t e d , I n 
n u m e r i c a l t e r m s , by a n I n c r e a s e I n t h e v e r y s p e c i a l i z e d a n d 
h i g h l y m e c h a n i z e d c h e m i c a l c a r r i e r s a n d l i q u e f i e d g a s 
t a n k e r s . T h e i r a s s e s s m e n t o f t h e l i k e l y p r o f i l e o f a f u t u r e 
B r i t i s h t a n k e r f l e e t I s t h a t , f o r p o l i t i c o - e c o n o m i c 
r e a s o n s , t h e r e w i l l r e m a i n a c o r e f l e e t o f c r u d e o i l a n d 
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p e t r o l e u m p r o d u c t s t a n k e r s a n d a n i n c r e a s e d n u m b e r o f 
l i q u e f i e d g a s a n d c h e m i c a l c a r r i e r s . 
B a s e d on t h i s a n a l y s i s b y O i l m a n a n d C o x t h e r e s e a r c h 
s a m p l e w a s d e t e r m i n e d t o i n c l u d e t e n s h i p t y p e s 
r e p r e s e n t a t i v e o f t h e f u t u r e B r i t i s h f l e e t . T h e t e n s h i p 
t y p e s w e r e : -
TANKERS 
1. C r u d e O i l C a r r i e r 
2. R e f i n e d p e t r o l e u m p r o d u c t s t a n k e r 
3. C h e m i c a l t a n k e r 
4. L i q u e f i e d g a s c a r r i e r 
TRAMPS 
5. S m a l l d r y b u l k c a r r i e r 
6. Medium s i z e d d r y b u l k c a r r i e r 
7. R e f r i g e r a t e d c a r g o v e s s e l 
8. O i l r i g s u p p o r t v e s s e l 
L I N E R S 
9. R o l l on - R o l l o f f c e l l u l a r c o n t a i n e r s h i p 
10. S h o r t s e a p a s s e n g e r a n d c a r g o f e r r y . 
T h e c o m p l e t e l i s t o f v e s s e l s , s h i p p i n g c o m p a n i e s a n d 
r e s e a r c h e r s i s c o n t a i n e d i n a p p e n d i x 3. 
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CONCLUSIONS TO CHAPTER 4 
T h i s c h a p t e r d e s c r i b e s t h e e x p e r i e n c e s o f a p i l o t 
v o y a g e a n d t h e d i f f i c u l t i e s e n c o u n t e r e d w i t h r a t i n g t h e 
v a r i o u s f u n c t i o n s w h i l e o b s e r v i n g a u n i q u e o r g a n i z a t i o n 
w h i c h i s s p a t i a l l y d i s p a r a t e a n d o p e r a t e s t h r o u g h o u t 2 4 
h o u r s . T h e s o l u t i o n s t o t h e p r o b l e m s a r e d e t a i l e d . T h e 
c h a p t e r a l s o d e m o n s t r a t e s t h e n e e d f o r a t e a m o f m a r i n e 
e x p e r i e n c e d r e s e a r c h e r s t o b e d e p l o y e d i n o r d e r t o o b t a i n 
t h e b r e a d t h a n d d e p t h o f d a t a . A m e t h o d o l o g y f o r d a t a 
c o l l e c t i o n i s - d e s c r i b e d w h i c h i n c l u d e s d i r e c t o b s e r v a t i o n 
a n d s t r u c t u r e d i n t e r v i e w s t o r a t e a l l t h e f u n c t i o n s 
s p e c i f i e d i n A p p e n d i x 2. 
T h i s c h a p t e r d e s c r i b e s b r i e f l y t h e work o f O i l m a n & 
Cox ( 1 9 8 6 , s e c t i o n 1> a n d how i t i s u s e d t o c o m p i l e a 
s a m p l e o f s t a t i s t i c a l l y s o u n d s h i p t y p e s f o r o b s e r v a t i o n . 
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5.1 DETERMINATION OF SHIP GROUPS 
He r b s t <1974, pp.54-60> p r e s e n t i n g h i s argument i n 
f a v o u r of m a t r i x manning a b o a r d s h i p s d w e l l s a t l e n g t h on 
the s o c i a l a d v a n t a g e s of s u c h a s y s t e m . He a p p e a r s to 
assume t h a t a l l s h i p t y p e s a r e e s s e n t i a l l y t h e same and 
t h a t a u n i v e r s a l c r e w i n g s y s t e m c a n e x i s t . S m i t h & Roggema 
<198(2ia, pp.249-253> a l s o s h a r e t h i s b e l i e f t h a t one 
s t r u c t u r e c a n be i n t r o d u c e d , m a t r i x manning, w h i c h w i l l 
s o l v e o r g a n i z a t i o n a l p r o b l e m s on a l l t e c h n i c a l s h i p t y p e s . 
P a t e n t l y s h i p s a r e d i f f e r e n t and have d i f f e r e n t 
l e v e l s of s p e c i a l i z a t i o n and m e c h a n i z a t i o n a s d e s c r i b e d i n 
the r e v i e w of t h e t e c h n i c a l e n v i r o n m e n t . T h e r e i s c l e a r l y a 
d i s t i n c t d i f f e r e n c e i n t h e l e v e l s of p e r f o r m a n c e r e q u i r e d 
from t h e o f f i c e r s of a s m a l l d r y b u l k c o a s t e r and t h o s e 
demanded from t h e o f f i c e r s of a l a r g e c h e m i c a l c a r r i e r 
c a r r y i n g h i g h l y p o l l u t a n t c a r g o . The c r i t e r i o n f o r 
a s s e s s i n g t h e competence w h i c h n e e d s to be a b o a r d t h e 
d i f f e r e n t s h i p t y p e s a p p e a r s to be a s s o c i a t e d w i t h t h e 
p o t e n t i a l r i s k - t o l i f e , t h e e n v i r o n m e n t and t h e f i n a n c i a l 
s y stem. I t I s f i r s t p r o p o s e d to u s e t h e c o l l e c t e d d a t a to 
i n v e s t i g a t e t h i s a s s u m p t i o n of t h e u n i v e r s a l i t y of s h i p s * 
c r e w s t r u c t u r e and p e r f o r m a n c e . The r e q u i r e d r e s u l t of t h i s 
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i n v e s t i g a t i o n i s to d e t e r m i n e i f a l l s h i p s a r e s i m i l a r f o r 
cre w competence p u r p o s e s . I f they a r e not then i t i s 
proposed to c l u s t e r them i n t o g r o u p s w h i c h may be 
c o n s i d e r e d to have s i m i l a r p r o p e r t i e s . 
S i n c e i t a p p e a r s t h a t t h e r i s k posed by a s h i p i s a 
s i g n i f i c a n t f a c t o r i t i s d e c i d e d t o p u r s u e t h i s a s p e c t . 
The i n i t i a l c o n c e p t i s t h a t t h e s h i p s w h i c h pose t h e 
h i g h e s t r i s k t o l i f e , t h e e n v i r o n m e n t and t h e f i n a n c e 
s y s t e m , and a r e t h e most d i f f i c u l t t o o p e r a t e , r e q u i r e t h e 
h i g h e s t g r a d e s of q u a l i f i e d p e r s o n n e l . From t h e d a t a 
g a t h e r e d a n u m e r i c a l a s s e s s m e n t of t h e r i s k p o s e d by e a c h 
of the t e n s h i p s i s u n d e r t a k e n . The c r i t i c a l l t y of e a c h 
f u n c t i o n i s m u l t i p l i e d by t h e f r e q u e n c y of o c c u r r e n c e of 
t h a t f u n c t i o n t h u s :-
C R I T I C A L I T Y FREQUENCY RISK 
ENVIRONMENT L I F E FINANCE 
3 + 3 + 3 + = 9 x4 = 3 6 
T h i s r e p r e s e n t s a s m a l l c h e m i c a l t a n k e r d i s c h a r g i n g 
c a r g o w e e k l y <4> and c a p a b l e of c a u s i n g m o d e r a t e p o l l u t i o n 
C3>, a p o s s i b l e f a t a l i t y <3>, and a moderate f i n a n c i a l l o s s 
<3> i n t h e e v e n t of I n c o m p e t e n c e by t h o s e c h a r g e d w i t h t h e 
d i s c h a r g i n g f u n c t i o n . Thus t h e r i s k a s s e s s m e n t i s :-
< 3+3+3) X 4 = 36. 
The t h r e e main o p e r a t i o n a l s u b - s y s t e m s o f t h e t e n 
s h i p t y p e s a r e a n a l y z e d i n t h i s way and t h e f i g u r e s f o r 
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r i s k o b t a i n e d . I t was e x p e c t e d t h a t a s t h e r i s k i n c r e a s e d 
f o r t h e s h i p t y p e s t h e d i f f i c u l t y o f l e a r n i n g t h e s k i l l s 
and knowledge r e q u i r e d t o p e r f o r m t h e n e c e s s a r y f u n c t i o n s 
would a l s o i n c r e a s e , i e . p e r f o r m a n c e of t h e f u n c t i o n s would 
r e q u i r e g r e a t e r knowledge and e x p e r i e n c e . T h i s i s due to 
the e x p e c t e d t e c h n i c a l c o m p l e x i t i e s i n t r o d u c e d i n o r d e r to 
m i n i m i s e t h e r i s k s . The r e s u l t s were e x p e c t e d t o a p p e a r a s 
i n f i g u r e 5.1. 
INCREASING 
CARGO COMPLEXITY 
VALUE & HAZARD 
RISK 
DIFFICULTY 
EXPECTED INCREASE IN RISK & DIFFICULTY 
OF SAMPLE SHIP TYPES 
Figure 5. 1 
The a c t u a l r e s u l t s o b t a i n e d f o r e a c h of t h e sub-
s y s t e m s a r e d i s p l a y e d a s f i g u r e s 5.2. 5.3, and 5.4 and t h e 
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RISK 










i S h o r t s e a f e r r y 




4 L a r g e d r y bulk c o a s i e r 
-f S a a U d r y bulk c o a s t e r 
4 R i g s u p p l y v e s s e l 
^ P r o d u c t t a n k e r 
i C h e n i c a l c a r r i e r 
* Crude c a r r i e r 
+ L i q u e f i e d gas c a r r i e r 
* C o n t a i n e r Ro-Ro s h i p 
+ R e f r i g e r a t e d c a r g o v e s s e l 
96 95 166 165 D I F F I C U L T Y 
NAVIGATION SUB-SYSTEM 
F i g u r e 5.2 
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RISK 






* C h e a i c a l c a r r i e r 
0IFF I CULT 
HIBH RISK 
SHIPS 
i L i q u e f i e d g as c a r r i e r 
C r u d e c a r r i e r 
4 P r o d u c t t a n k e r 
+ R i g s u p p l y v e s s e l 
t L a r g e \ s a a l l d r y bulk c o a s t e r s 
4 R e f r i g e r a t e d c a r g o v e s s e l 
4 S h o r t s e a f e r r y 
LESS OIFFimr 
LOI^ RISK SHIPS 
4 C o n t a i n e r Ro-Ro s h i p 
116 136 136 U d 
D I F F I C U L T Y 
CARGO SUB-SYSTEM 
F i g u r e 5.3 
Ph.D. T H E S I S Page 123 
5. RESULTS 
RISK 
( f r e q u e n c y X c r i t i c a l i i y ) 
7ee. 
see. 
* L i q u e f i e d gas c a r r i e r 
C fflSM RISK m HI6H DIFFICVLTY SHIPS 
+ Crude c a r r i e r 
+ P r o d u c t t a n k e r 
^ S h o r t s e a f e r r y 
\^mm DimcuLTf SHIPS J 
• C o n t a i n e r Ro-Ro s h i p 
* C h e a i c a l c a r r i e r 
* R e f r i g e r a t e d c a r g o v e s s e l 
* L a r g e dry bulk c o a s t e r 
+ S a a l l d r y bulk c o a s t e r 
+ R i g s u p p l y v e s s e l 
Y ToyERli^~Am \ 
LOV OIFFim TY SHIPS J 
6e 78 se 
D I F F I C U L T Y 
MACHINERY SUB-SYSTEM 
F i g u r e 5.4 
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/ OIFFICUU m ^ 
>^ HISH RISK SHIPS J 
+ P r o d u c t t a n k e r 
+ Crude c a r r i e r 
ALL OPERATIONAL SYSTEMS 
F i g u r e 5.5 
4 S h o r t s e a f e r r y 
LESS oimcuLT m \ 
\ miVfl RISK SHIP J 
4 U r g e d r y bulk c o a s t e r 
4 S i a l l d r y bulk c o a s t e r 
R i g s u p p l y v e s s e l 
i 4 R e f r i g e r a t e d c a r g o s h i p 
f LE^OimmtAKD \ 
V LQU RISK SHIPS J 
4 C o n t a i n e r Ro-Ro s h i p 
li% 266 289 396 329 349 D I F F I C U L T Y 
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composi t e summat i o n of t h e s e f i g u r e s i s p r e s e n t e d a s f i g u r e 
5.5. E a c h of t h e s e d i a g r a m s i s now examined i n t u r n . 
NAVIGATION SUB-SYSTEM - FIGURE 5.2 
N a v i g a t i o n a l l y t h e t h e s h i p s f a l l i n t o f o u r g r o u p s :-
(1 ) The h i g h r i s k , h i g h d i f f i c u l t y g r o u p c o n s i s t i n g 
of t h e f o u r t a n k e r s . T h e i r p o s i t i o n on t h e d i a g r a m 
r e p r e s e n t s t h e c o s t of s u c h s h i p s and t h e i r c a r g o e s , and 
the h a z a r d o u s and p o l l u t a n t n a t u r e of t h o s e c a r g o e s . 
R e f l e c t e d a l s o a r e t h e p r a c t i c a l p r o b l e m s I n v o l v e d w i t h 
n a v i g a t i n g l a r g e , deep d r a f t v e s s e l s t o any p a r t of t h e 
globe; t o g e t h e r w i t h t h e pr o b l e m s of n a v i g a t i n g t h e s m a l l e r 
t a n k e r s t h r o u g h t h e h i g h t r a f f i c d e n s i t y a r e a s w i t h v e r y 
s h o r t i n t e r v a l s between p a s s a g e s . 
<2) The h i g h r i s k , not s o d i f f i c u l t t o o p e r a t e g roup 
c o n t a i n s J u s t one s h i p - t h e s h o r t s e a f e r r y . The 
p o s i t i o n i n g of t h i s s h i p t y p e i s due t o t h e c a t a s t r o p h i c 
l o s s of l i f e w h i c h c o u l d o c c u r and t h e h i g h f r e q u e n c y of 
i t s o p e r a t i o n s i n c l o s e , c o n g e s t e d w a t e r s . The r e g u l a r i t y 
o f i t s t r a d e r e n d e r s i t amenable t o l a r g e s h o r e s u p p o r t and 
a s s i s t a n c e and t h i s t o g e t h e r w i t h t h e n a v i g a t i o n a l 
f a m i l i a r i t y o f i t s r o u t e r e d u c e s t h e d i f f i c u l t y of t h e 
o p e r a t i o n s . 
<3) The low r i s k , d i f f i c u l t t o o p e r a t e s h i p s 
c o n s i s t i n g of t h e c o n t a i n e r Ro-Ro v e s s e l and t h e 
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r e f r i g e r a t e d c a r g o v e s s e l . Both t h e s e a r e t e c h n i c a l l y 
s o p h i s t i c a t e d v e s s e l s but i n t h e e v e n t of a d i s a s t e r would 
not c a u s e a p o l l u t i o n p r o b l e m on the s c a l e of t h e t a n k e r s . 
Both s h i p s , but e s p e c i a l l y t h e c o n t a i n e r v e s s e l , r e p r e s e n t 
a h i g h f i n a n c i a l i n v e s t m e n t . 
<4) The r e l a t i v e l y low r i s k , l e s s d i f f i c u l t t o 
o p e r a t e group w h i c h c o n s i s t s o f t h e s m a l l d r y bulk 
c a r r i e r s and the r i g s u p p l y v e s s e l . The c a r g o e s on e i t h e r 
of t h e s e s h i p s do not pose a g r e a t p o l l u t i o n or h a z a r d 
problem, and, due to t h e i r s i z e , t h e f i n a n c e a t r i s k i s 
c o m p a r a t i v e l y low. The s m a l l numbers of c r e w on board a l s o 
t end to r e d u c e t h e measure of r i s k s i n c e t h e r e a r e 
p o t e n t i a l l y f ewer l i v e s t o l o s e . 
CARGO SUB-SYSTEM FIGURE 5.3 
I n terms of t h e c a r g o s u b - s y s t e m t h e r e a p p e a r s to be 
two c l u s t e r s of s h i p t y p e s :-
C I ) The d i f f i c u l t , h i g h r i s k group c o n s i s t i n g of t h e 
f o u r t a n k e r s . T h i s i s e x p l a i n e d by t h e p o l l u t i o n and s a f e t y 
h a z a r d s , t h e h i g h c o s t of t h e s h i p s and t h e i r c a r g o , and 
t h e c o m p l e x i t y and d i f f i c u l t y of o p e r a t i o n of t h e c a r g o 
s y s t e m s . 
<2> The l e s s d i f f i c u l t , l o w e r r i s k group c o n s i s t i n g 
of a l l o t h e r s h i p t y p e s a p a r t from t a n k e r s . I n g e n e r a l 
s h i p s of t h e s e t y p e s do not c a r r y h a z a r d o u s o r p o l l u t a n t 
c a r g o e s i n b u l k . The c a r g o h a n d l i n g f a c i l i t i e s a b o a r d a r e 
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r e l a t i v e l y s i m p l e to o p e r a t e , f r e q u e n t l y t h e r e i s no c a r g o 
h a n d l i n g equipment on t h e s h i p and l o a d i n g and d i s c h a r g i n g 
i s a c h i e v e d by s h o r e p e r s o n n e l u s i n g p o r t f a c i l i t i e s . 
MACHINERY SUB-SYSTEM FIGURE 5.4 
With r e g a r d t o t h e m a c h i n e r y s u b - s y s t e m t h e r e a p p e a r s 
to be t h r e e c l u s t e r s of t h e s h i p t y p e s :-
<1) The d i f f i c u l t , h i g h r i s k g r oup c o n s i s t i n g of t h e 
l i q u e f i e d g a s c a r r i e r , a n d t h e c r u d e and p r o d u c t s t a n k e r s . 
T h e i r p o s i t i o n on t h e d i a g r a m i s e x p l a i n e d by t h e s h e e r 
s i z e of t h e main p r o p u l s i o n p l a n t , t h e s i z e and c o m p l e x i t y 
of t h e a u x i l i a r y m a c h i n e r y , C e l e c t r i c a l g e n e r a t o r s e t c . ) 
the c o m p l e x i t y of t h e c a r g o h a n d l i n g , m o n i t o r i n g and 
c o n d i t i o n i n g equipment, and t h e huge f i n a n c i a l i n v e s t m e n t 
i n v o l v e d . 
<2> The m o d e r a t e l y d i f f i c u l t , moderate r i s k g r o u p 
c o n s i s t i n g of the s h o r t s e a f e r r y , t h e c o n t a i n e r Ro-Ro 
v e s s e l , t h e c h e m i c a l c a r r i e r , t h e r e f r i g e r a t e d c a r g o v e s s e l 
and t h e l a r g e c o a s t a l b u l k c a r r i e r . T h i s group r e p r e s e n t s 
l a r g e o r medium s i z e d p r o p u l s i o n u n i t s but w i t h o u t t h e 
complex c a r g o c o n t r o l and h a n d l i n g s y s t e m s found on t h e 
t h r e e l a r g e t a n k e r s . I n g e n e r a l t h e y p r e s e n t l e s s h a z a r d t o 
the e n v i r o n m e n t and human l i f e and r e p r e s e n t a lower 
f i n a n c i a l i n v e s t m e n t . I t i s w o r t h y of n o t e t h a t t h e 
c h e m i c a l t a n k e r v i s i t e d d u r i n g t h e c o u r s e o f t h i s r e s e a r c h 
was n e i t h e r l a r g e nor v e r y complex. I t i s e x p e c t e d t h a t a 
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l a r g e r , more s o p h i s t i c a t e d v e s s e l would be i n the group 
p o s i n g a h i g h r i s k and b e i n g r e l a t i v e l y d i f f i c u l t t o 
opera t e 
( 3 ) The l e s s d i f f i c u l t , low r i s k g r oup c o n s i s t i n g of 
the s m a l l d r y bulk c a r r i e r and t h e r i g s u p p l y v e s s e l . T h i s 
group c o n t a i n s v e s s e l s w i t h s m a l l p r o p u l s i o n u n i t s , few 
a u x i l i a r y u n i t s and l i t t l e c a r g o h a n d l i n g m a c h i n e r y . They 
a l s o r e p r e s e n t a much lower l e v e l of f i n a n c i a l i n v e s t m e n t 
than t h e o t h e r s h i p t y p e s . 
ALL OPERATIONAL SUB-SYSTE^4S FIGURE 5.5 
The c o m p o s i t e d i a g r a m of t h e t h r e e main o p e r a t i o n a l 
s y s t e m s d i s p l a y s e a c h of t h e s h i p t y p e s a s b e l o n g i n g t o one 
of t h r e e g r o u p i n g s . 
<1) The d i f f i c u l t , h i g h r i s k g r oup c o n s i s t i n g of t h e 
f o u r t a n k e r s . 
<2) The l e s s d i f f i c u l t , low r i s k g r oup c o n s i s t i n g of 
th e c o a s t a l b ulk c a r r i e r s , t h e r i g s u p p l y v e s s e l , t h e 
r e f r i g e r a t e d c a r g o s h i p , and t h e c o n t a i n e r Ro-Ro 
t r a n s p o r t e r . 
<3> On i t s own t h e s h o r t s e a f e r r y w h i c h p r e s e n t s a 
moderate r i s k owing to t h e number o f p a s s e n g e r l i v e s w h i c h 
may be l o s t . I t i s however a r e l a t i v e l y s i m p l e s h i p t o 
o p e r a t e . 
I t would appear from t h i s a n a l y s i s t h a t t h e r e s h o u l d 
e x i s t a b a s e q u a l i f i c a t i o n w h i c h would e n a b l e an o f f i c e r t o 
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p e r f o r m d u t i e s a b oard a l e s s d i f f i c u l t , low r i s k type of 
v e s s e l . Those o f f i c e r s w i s h i n g to s e r v e a b o a r d s h o r t s e a 
f e r r i e s would have to s a t i s f y t h e r e g u l a t o r y body t h a t t h e y 
were c a p a b l e of accommodating the i n c r e a s e d r i s k i n h e r e n t 
w i t h t h e s e v e s s e l s . S i n c e t h e i n c r e a s e i n r i s k w i t h t h e s e 
f e r r i e s i s not due to t e c h n i c a l c o m p l e x i t y o r d i f f i c u l t y i t 
seems p o i n t l e s s to i n s i s t on h i g h e r t e c h n i c a l 
q u a l i f i c a t i o n s . T h e r e f o r e t h e need i s r a t h e r t o i d e n t i f y 
t h o s e p e r s o n s c a p a b l e of o p e r a t i n g v e r y r o u t i n e , r e p e t i t i v e 
o p e r a t i o n s w h i l s t m a i n t a i n i n g a h i g h s t a n d a r d o f v i g i l a n c e 
and c o n t i n u e d peak p e r f o r m a n c e . Such i d e n t i f i c a t i o n would 
appear to r e l y h e a v i l y on p s y c h o l o g i c a l s e l e c t i o n of t h o s e 
i n d i v i d u a l s r a t h e r t h a n t e s t i n g t e c h n i c a l competence. 
Those o f f i c e r s who w i s h e d to o b t a i n employment a b o a r d 
the d i f f i c u l t , h i g h r i s k group, the t a n k e r s , would need to 
d e m o n s t r a t e to t h e r e g u l a t o r y body t h a t t h e y p o s s e s s e d a 
h i g h e r s t a t e of t e c h n i c a l competence i n a l l t h e s h i p s u b -
s y s t e m s t h a n t h o s e s e a f a r e r s who o p e r a t e t h e l e s s 
d i f f i c u l t , low r i s k s h i p s . To an e x t e n t t h i s s y s t e m h a s 
o p e r a t e d i n f o r m a l l y f o r many y e a r s w i t h owners of t a n k e r 
f l e e t s n o r m a l l y r e c r u i t i n g e x p e r i e n c e d p e r s o n n e l o r 
t r a i n i n g t h e i r own o f f i c e r s from e n t r y I n t o t h e i n d u s t r y , 
w hereas owners of o t h e r s h i p t y p e s h a v e been s a t i s f i e d t o 
a c c e p t an o f f i c e r who h o l d s t h e r e l e v a n t q u a l i f i c a t i o n . The 
e x c e p t i o n to t h i s i s the s e l e c t i o n f o r employment a b o a r d 
s h o r t s e a f e r r i e s . Here a h i g h s t a n d a r d o f t e c h n i c a l 
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competence h a s a l w a y s been demanded but, u n t i l r e c e n t l y 
f o l l o w i n g the l o s s of t h e ' H e r a l d of F r e e E n t e r p r i s e ' , t h e 
unique r i s k s i n h e r e n t w i t h f e r r y o p e r a t i o n s h a v e not been 
r e c o g n i s e d . 
T h e r e i s an a n a l o g y w i t h r o a d t r a n s p o r t where t h e r e 
i s a b a s e q u a l i f i c a t i o n t o d r i v e a c a r o r l i g h t c o m m e r c i a l 
v e h i c l e . A d e m o n s t r a t i o n of t e c h n i c a l competence i n 
h a n d l i n g l a r g e r v e h i c l e s i s r e q u i r e d t o e n a b l e an o p e r a t o r 
to d r i v e a heavy goods v e h i c l e and a s p e c i a l p u b l i c s e r v i c e 
v e h i c l e l i c e n c e i s r e q u i r e d f o r t h e t r a n s p o r t of 
p a s s e n g e r s . The m e c h a n i z e d r o a d t r a n s p o r t i n d u s t r y i s a 
much younger i n d u s t r y t h a n t h a t of t h e m e r c a n t i l e m a r i n e 
and I s not y e t so hidebound w i t h t r a d i t i o n . 
From the above f a c t s t h e r e a r e key f a c t o r s w h i c h 
a f f e c t t h e r i s k p r e s e n t e d by a s h i p t y p e and w h i c h 
c o n t r i b u t e to t h e r e l a t i v e d i f f i c u l t y of o p e r a t i n g i t . 
Th e s e a r e t h e r e f o r e t h e f a c t o r s w h i c h must be t a k e n i n t o 
a c c o u n t when d e v i s i n g a c e r t i f i c a t i o n scheme t o a s s e s s t h e 
competence o f p e r s o n s t o o p e r a t e p a r t i c u l a r s h i p t y p e s . 
T h e s e key f a c t o r s a r e :— 
<1> CARGO TYPE 
C2> S I Z E OF VESSEL 
<3> FINANCIAL INVESTMENT (Dependent on s i z e & c a r g o ) 
<4) COMPLEXITY OF VESSEL < Dependent on s i z e & c a r g o ) 
( 5 ) POWER OF MAIN ENGINE (Dependent on s i z e & t r a d e ) 
C6) A U X I L I A R I E S F I T T E D (Dependent on s i z e & c a r g o ) 
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I n g e n e r a l t r a d i n g , t h e power of t h e main e n g i n e s h a s 
a h i g h c o r r e l a t i o n w i t h v e s s e l s i z e . However t h e r e a r e 
e x c e p t i o n s s u c h a s a n c hor h a n d l i n g and s a l v a g e t u g s where 
p o w e r f u l p r o p u l s i o n u n i t s a r e f i t t e d i n t o s m a l l h u l l s . 
T h i s a n a l y s i s shows t h a t t h e r e a r e d i f f e r e n c e s 
between s h i p t y p e s a s f a r a s t h e competency r e q u i r e m e n t i s 
c o n c e r n e d . The s h i p s I n t h e s t u d y f a l l i n t o t h e t h r e e 
g r o u p s : 
1. t a n k e r s ; 
2. s h o r t s e a f e r r y ; 
3. a l l o t h e r s h i p s . 
T h i s arrangement of s h i p t y p e s i s i n agreement w i t h 
t h e t h r e e economic groups p r o p o s e d and examined by G l l m a n 
and Cox. They d e f i n e d t h e t h r e e . g r o u p s a s : 
1. t a n k e r s , s h i p s c a r r y i n g l i q u i d c a r g o e s . Economic and 
t r a d i n g f a c t o r s c a u s e d G l l m a n and Cox t o s e g r e g a t e t h e s e 
s h i p s i n t o a s e p a r a t e group. T h i s r e s e a r c h s u p p o r t s t h i s 
s e g r e g a t i o n b a s e d on t e c h n i c a l c r i t e r i a and shows t h a t 
t a n k e r s form a d e f i n e d h i g h r i s k g r oup which, by v i r t u e of 
t h e i r s i z e and t e c h n i c a l c o m p l e x i t y , need h i g h l e v e l s of 
knowledge and e x p e r i e n c e to o p e r a t e s a f e l y . 
2. l i n e r s , s h i p s c a r r y i n g c a r g o and p a s s e n g e r s on r e g u l a r 
s c h e d u l e d s e r v i c e s . O ilman and Cox i s o l a t e t h i s group of 
s h i p s e c o n o m i c a l l y b e c a u s e o f t h e s t r o n g b i - p a r t i s a n 
t r a d i n g r e l a t i o n s w h i c h d e v e l o p between t h e i n v o l v e d 
c o u n t r i e s . T h i s r e s e a r c h i l l u s t r a t e s t h a t t e c h n i c a l l y t h e 
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l i n e r s form a u n i q u e group. W h i l e s a f e o p e r a t i o n s do n o t 
r e q u i r e t h e same h i g h d e g r e e of knowledge and e x p e r i e n c e a s 
t h a t f o r t h e t a n k e r s t h e r e i s s t i l l a s u b s t a n t i a l r i s k 
posed by t h e s e s h i p s due to the p o s s i b l e c a t a s t r o p h i c l o s s 
of p a s s e n g e r s . 
3. tramps, s h i p s c a r r y i n g d r y c a r g o e s on n o n - s c h e d u l e d 
r o u t e s . O i l m a n and Cox r e g a r d t h e s e s h i p s a s a group due to 
the economic o p p o r t u n i s m d i s p l a y e d by t h e i r managers. T h i s 
o p p o r t u n i s m i s r e f l e c t e d t e c h n i c a l l y i n t h e i r a b i l i t y t o 
t r a d e w o r l d w i d e and c a r r y a b r o a d v a r i e t y of c a r g o e s . T h i s 
c l a s s of s h i p s does not pose t h e same l e v e l s o f r i s k a s 
t a n k e r s o r l i n e r s but does demand a broad r a n g e o f 
knowledge and e x p e r i e n c e to e n s u r e s a f e o p e r a t i o n . 
I t i s now a r g u e d t h a t i t i s j u s t i f i e d t o c o n s i d e r 
s h i p s i n t h e s e t h r e e c a t e g o r i e s - t a n k e r s , tramps, and 
l i n e r s , - f o r c r e w i n g p u r p o s e s . I t i s t h e r e f o r e p r o p o s e d 
t h a t w h i l e e x a m i n i n g t h e c o l l e c t e d d a t a I n more d e t a i l t o 
a s s e s s t h e v i a b i l i t y of m a t r i x manning, t h e s e t h r e e g r o u p s 
w i l l be examined s e p a r a t e l y . I t i s h y p o t h e s i s e d t h a t w h i l e 
m a t r i x manning may be a p p l i c a b l e a b o a r d one group of s h i p s 
i t may not be a p p l i c a b l e to a l l . 
CONCLUSIONS TO SECTION 5.1 
T h i s s e c t i o n h a s examined t h e u n d e r l y i n g a s s u m p t i o n 
of H e r b s t , S m i t h & Roggema, and o t h e r s t h a t , f o r c r e w i n g 
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pu r p o s e s , a l l s h i p s a r e f u n d a m e n t a l l y t h e same. I t h a s been 
shown t h a t due to t h e v a r y i n g r i s k s and t e c h n i c a l 
d i f f i c u l t i e s posed by the d i f f e r e n t s h i p s t h e y may b e s t be 
s e e n a s b e l o n g i n g to one of t h r e e g r o u p s - t a n k e r s , tramps, 
o r l i n e r s . I t i s a r g u e d t h a t any r e o r g a n i z a t i o n of s h i p s ' 
c r e w s must r e c o g n i z e t h i s d i s t i n c t i o n . 
B ased on t h i s a n a l y s i s i t i s p o s s i b l e to a s s e r t t h a t 
t h e t r a d i t i o n a l c r i t e r i a f o r q u a l i f i c a t i o n s t o o p e r a t e 
s h i p s a r e i n need of r e v i e w . N a v i g a t i o n a l q u a l i f i c a t i o n s 
have been b a s e d upon t h e t r a d i n g a r e a of t h e s h i p . A s h i p 
which d i s a p p e a r e d from s i g h t of l a n d and v e n t u r e d i n t o t h e , 
then, r e l a t i v e l y unknown w o r l d demanded h i g h e r l e v e l s of 
competence t h a n one w h i c h r e m a i n e d n e a r t o i t s home b a s e 
and c o u l d be e n s u r e d o f s u p p o r t and a s s i s t a n c e . E n g i n e e r i n g 
q u a l i f i c a t i o n s have been b a s e d p u r e l y on t h e power o u t p u t 
of the main p r o p u l s i o n u n i t . I f I t i s found t h a t 
r e o r g a n i z a t i o n of s h i p s ' c r e w s on m a t r i x p r i n c i p l e s i s 
t e c h n i c a l l y f e a s i b l e t h e n i t would now seem l o g i c a l t o b a s e 
f u t u r e c a t e g o r i e s of s e a f a r i n g q u a l i f i c a t i o n s on t h e c a r g o 
t y p e and t h e s i z e of t h e s h i p . T h i s would a u t o m a t i c a l l y 
e n s u r e t h a t i m p o r t a n t f a c t o r s s u c h a s danger to human l i f e , 
h a z a r d to t h e p h y s i c a l e n v i r o n m e n t and j e o p a r d y of t h e 
f i n a n c i a l e n v i r o n m e n t a r e r e c o g n i z e d and a c c o u n t e d f o r . 
A l s o t h e d i f f e r i n g r e q u i r e m e n t s of knowledge and e x p e r i e n c e 
f o r s a f e o p e r a t i o n w h i c h d i f f e r between t h e s h i p t y p e s 
would be t a k e n i n t o a c c o u n t . 
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5.2 RESULTS OF FREQUENCY. C R I T I C A L I T Y . D I F F I C U L T Y DATA 
S e c t i o n 5.1 r e v e a l s t h a t t h e r e a r e t h r e e s h i p g r o u p s 
which need f u r t h e r e x a m i n a t i o n i n o r d e r t o v a l i d a t e t h e 
a p p l i c a b i l i t y of m a t r i x manning. T h i s s e c t i o n u s e s the 
a c c u m u l a t e d d a t a w i t h r e s p e c t t o t h e f r e q u e n c y o f f u n c t i o n 
p e r f ormance, c r i t i c a l l t y o f u n s u c c e s s f u l p e r f o r m a n c e of 
t h a t f u n c t i o n to human l i f e , t h e e n v i r o n m e n t and the 
f i n a n c e system, and t h e d i f f i c u l t y of p e r f o r m a n c e of t h e 
f u n c t i o n i n terms of knowledge and e x p e r i e n c e . 
The s t r u c t u r e of t h i s s e c t i o n i s t h a t e a c h of t h e 
s e v e n s h i p s u b - s y s t e m s i s examined i n t u r n and s i m i l a r i t i e s 
and d i f f e r e n c e s between t h e s h i p t y p e s a r e n o t e d and 
commented upon. F i n a l l y t h e t h r e e s h i p t y p e s a r e d e s c r i b e d 
s e p a r a t e l y i n the l i g h t o f t h e r e s u l t s o b t a i n e d and t h e 
a p p l i c a b i l i t y of m a t r i x manning t o e a c h s h i p type i s 
d i s c u s s e d . 
The r e s u l t s of t h e r e s e a r c h w i t h r e s p e c t to 
FREQUENCY, C R I T I C A L I T Y & D I F F I C U L T Y a r e p r e s e n t e d i n t h e 
f o l l o w i n g manner. 
1. The FREQUENCY r a t i n g s o b t a i n e d f o r e a c h i n d i v i d u a l 
s h i p a r e a v e r a g e d t o p r o d u c e a s e t of f i g u r e s f o r t h e 
' a v e r a g e t a n k e r ' , t h e ' a v e r a g e tramp* and t h e ' a v e r a g e 
l i n e r ' . F o r example a f u n c t i o n w h i c h I s p e r f o r m e d monthly 
( r a t i n g 3> aboard t h e c r u d e c a r r i e r , g a s c a r r i e r and 
p r o d u c t t a n k e r and p e r f o r m e d w e e k l y ( r a t i n g 4> a b o a r d t h e 
c h e m i c a l c a r r i e r would a c q u i r e an a v e r a g e of : 
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MODULUS C3 + 3 + 3 + 4 ) / 4 = 3. 
Fo r t h e ' a v e r a g e t a n k e r * t h i s f u n c t i o n would r e c e i v e 
the a v e r a g e r a t i n g of 3 ( m o n t h l y ) . 
2. S i n c e the c r i t i c a l i t y r a t i n g i s composed of t h r e e 
p a r t s - l i f e , e n v i r o n m e n t , and f i n a n c e - t h e t h r e e s e p a r a t e 
r a t i n g s a r e summed to p r o v i d e a t o t a l c r i t i c a l i t y r a t i n g on 
a 15 p o i n t s c a l e . T h e s e a r e th e n a v e r a g e d a s d e s c r i b e d 
above. 
3. The number of f u n c t i o n s w i t h s p e c i f i c FREQUENCY, 
C R I T I C A L I T Y and D I F F I C U L T Y r a t i n g s a r e t h e n summed and 
p l o t t e d on f r e q u e n c y h i s t o g r a m s . 
4. A 'SIGNIFICANCE NUMBER' i s d e t e r m i n e d f o r e a c h 
f u n c t i o n a s f o l l o w s . The a v e r a g e r a t i n g s of f r e q u e n c y , 
c r i t i c a l i t y and d i f f i c u l t y a r e summed t o p r o v i d e t h e 
s i g n i f i c a n c e number of t h e f u n c t i o n . The c r i t i c a l i t y r a t i n g 
c a r r i e s g r e a t e r w e i g h t t h a n e i t h e r o f t h e o t h e r two 
r a t i n g s . T h i s i s b e c a u s e a f u n c t i o n may be c r i t i c a l t o 
human l i f e o n l y , t h e p h y s i c a l e n v i r o n m e n t o n l y , t h e 
f i n a n c i a l s y s t e m o n l y o r a c o m b i n a t i o n of any two. I t may 
p o s s i b l y , i n ex t r e m e c a s e s , be c r i t i c a l i n a l l t h r e e a r e a s . 
Thus a f u n c t i o n w h i c h i s c r i t i c a l t o l i f e , p h y s i c a l 
e n v i r o n m e n t and f i n a n c i a l s y s t e m a t t a i n s a h i g h e r 
S I GNIFICANCE than does a f u n c t i o n w h i c h o n l y h a s an e f f e c t 
on t h e f i n a n c i a l s y s t e m . An example of a S I G N I F I C A N C E 
number d e t e r m i n a t i o n i s g i v e n below : 
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FREQUENCY C R I T I C A L I T Y D I F F I C U L T Y S I G N I F I C A N C E 
5 + 9 + 4 = 18 
T h i s r e p r e s e n t s a f u n c t i o n p e r f o r m e d v e r y f r e q u e n t l y 
<5), w i t h a m o d e r a t e l y h i g h c r i t i c a l l t y r a t i n g <9> and 
w hich r e q u i r e s medium knowledge and h i g h e x p e r i e n c e <4) . 
The s i g n i f i c a n c e of t h e f u n c t i o n i s t h e r e f o r e 18 on a 25 
p o i n t s c a l e . V e r y f r e q u e n t , c r i t i c a l and d i f f i c u l t 
f u n c t i o n s r e c e i v e h i g h s i g n i f i c a n c e numbers and -seldom 
performed, n o n - c r i t i c a l and e a s y f u n c t i o n s r e c e i v e low 
s i g n i f i c a n c e numbers. F o r e a c h s h i p t y p e t h e s i g n i f i c a n c e 
numbers a r e p l o t t e d a s f r e q u e n c y h i s t o g r a m s . 
NAVIGATION SUB-SYSTEM 
The f r e q u e n c y h i s t o g r a m s f o r t h e a v e r a g e r a t i n g s of 
e ach of t h e t h r e e s h i p t y p e s a r e shown a s f i g u r e 5.6 
E x a m i n a t i o n of t h e FREQUENCY d i a g r a m s show t h a t t h e 
l i n e r p e r f o r m s the m a j o r i t y o f n a v i g a t i o n a l f u n c t i o n s d a l l y 
( r a t i n g 5>. The a v e r a g e tramp p e r f o r m s t h e m a j o r i t y of 
n a v i g a t i o n a l f u n c t i o n s on a w e e k l y b a s i s C r a t i n g 4) and t h e 
a v e r a g e t a n k e r p e r f o r m s them a t monthly i n t e r v a l s C r a t i n g 
3 ) . T h i s r e f l e c t s t h e t r a d i n g p a t t e r n of e a c h of t h e s e s h i p 
t y p e s . The l i n e r i s c o n s t a n t l y e n t e r i n g and l e a v i n g p o r t 
and making s h o r t s e a p a s s a g e s i n i t s r o l e a s a s h o r t s e a 
f e r r y . The tramp i s v i s i t i n g p o r t s a t a p p r o x i m a t e l y w e e k l y 
i n t e r v a l s r e p r e s e n t i n g m i d d l e d i s t a n c e o c e a n i c t r a d i n g . The 
t a n k e r s a r e v i s i t i n g p o r t s a t monthly i n t e r v a l s and a r e 
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engaged i n l o n g d i s t a n c e o c e a n i c p a s s a g e s . With t h e tramp 
and t h e t a n k e r t h e r e i s a s m a l l number of f u n c t i o n s 
performed d a i l y . T h e s e a r e t h e n a v i g a t i o n a l w a t c h k e e p i n g 
d u t i e s and a r e h i g h l y c r i t i c a l . I t would a p p e a r t h a t t h e 
l a r g e number of n a v i g a t i o n a l f u n c t i o n s p e r f o r m e d d a i l y 
a b o a rd the l i n e r means a g r e a t e r d a i l y w o r k l o a d on t h o s e 
c h a r g e d w i t h f u l f i l l i n g t h e n a v i g a t i o n a l f u n c t i o n s . 
The C R I T I C A L I T Y d i a g r a m s i n d i c a t e t h a t i n e a c h of the 
s h i p t y p e s t h e r e a r e two d i s t i n c t g r o u p s o f c r i t i c a l l t y . 
T h e r e i s a l a r g e number of f u n c t i o n s w h i c h a r e n o t c r i t i c a l 
( r a t i n g <6) and a s m a l l e r group of c r i t i c a l f u n c t i o n s 
( r a t i n g >11). The t a n k e r h a s t h e h i g h e s t C R I T I C A L I T Y 
r a t i n g s b e c a u s e of t h e h a z a r d o u s and c o s t l y n a t u r e of i t s 
c a r g o . 
The D I F F I C U L T Y d i a g r a m s i l l u s t r a t e t h e f a c t t h a t 
n a v i g a t i o n a l f u n c t i o n s a b o a r d a t a n k e r r e q u i r e more 
knowledge than on t h e o t h e r s h i p t y p e s . T h i s i s due t o t h e 
g l o b a l n a t u r e of t h e o p e r a t i o n and t h e s i z e of t h e s h i p s . 
The l i n e r o p e r a t i o n a p p e a r s t o r e q u i r e more e x p e r i e n c e t han 
knowledge. T h i s r e f l e c t s t h e r o u t i n e , r e p e t i t i v e n a t u r e of 
the n a v i g a t i o n of a s h o r t s e a f e r r y . 
The SIGNIFICANCE numbers a r e d e p i c t e d on f i g u r e 5.7. 
The s e d i a g r a m s show t h a t i n a l l t h r e e s h i p t y p e s t h e r e i s a 
l a r g e number of low s i g n i f i c a n c e f u n c t i o n s . T h e r e a r e a l s o 
a fewer number but i d e n t i f i a b l e group of f u n c t i o n s of 
h i g h e r s i g n i f i c a n c e . I t a p p e a r s t h a t i n t h e n a v i g a t i o n s u b -
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s y s t e m t h e r e i s some b a s i s f o r a l l o c a t i n g the h i g h e r 
s i g n i f i c a n c e f u n c t i o n s to a p r i m a r y r o l e o p e r a t o r and the 
lower s i g n i f i c a n c e f u n c t i o n s t o a s e c o n d a r y r o l e o f f i c e r . 
T h e s e d a t a t h e r e f o r e s u p p o r t t h e c o n c e p t of m a t r i x manning 
by d e m o n s t r a t i n g t h a t t h e r e a r e two d e f i n a b l e l e v e l s of 
p e r f o r m a n c e i n the n a v i g a t i o n s u b - s y s t e m of a l l t h r e e s h i p 
t y p e s . 
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CARGO SUB-SYSTEM 
The FREQUENCY d i a g r a m s i n f i g u r e 5.8 r e v e a l t h e d a i l y 
n a t u r e of l i n e r c a r g o work, t h e w e e k l y n a t u r e of tramp 
c a r g o work, and the monthly i n t e r v a l s between c a r g o 
o p e r a t i o n s a b o a r d t h e t a n k e r group. The r e s u l t s a l s o show 
t h a t a l a r g e number of c a r g o f u n c t i o n s a r e not p e r f o r m e d 
aboard t h e l i n e r C r a t i n g 1 ) . T h i s i s due to the s h o r t 
d u r a t i o n of the p a s s a g e d u r i n g w h i c h many of t h e c a r g o and 
c a r g o s p a c e c o n d i t i o n m o n i t o r i n g f u n c t i o n s a r e not 
performed. T h i s h a s been r e c o g n i s e d by Mr. J u s t i c e Sheen 
d u r i n g t h e f o r m a l i n q u i r y i n t o t h e l o s s of t h e ' H e r a l d of 
F r e e E n t e r p r i s e ' and r e c o m m e n d a t i o n s h a v e been made t o 
monitor c a r g o s p a c e s on s h o r t s e a f e r r i e s e i t h e r by human 
agency or by c l o s e d c i r c u i t t e l e v i s i o n . 
The C R I T I C A L I T Y d i a g r a m s show t h a t a b o a r d t h e tramp 
and the l i n e r the v a s t m a j o r i t y of c a r g o s u b - s y s t e m 
f u n c t i o n s a r e not c r i t i c a l . Aboard t h e t a n k e r however, due 
to t h e p o l l u t a n t and d a n g e r o u s n a t u r e of t h e c a r g o e s , t h e 
c r l t i c a l i t y l e v e l s a r e much h i g h e r . T h e s e r e s u l t s r e f l e c t 
the f a c t t h a t on t h e l i n e r and tramp t h e c a r g o work i s 
g e n e r a l l y a s e c o n d a r y r o l e of t h e n a v i g a t i o n o f f i c e r s . On 
the t a n k e r however, t h e t e n d e n c y i n r e c e n t y e a r s has been 
to p r o v i d e s p e c i a l i s t c a r g o o f f i c e r s f r om e i t h e r t h e 
n a v i g a t i n g or e n g i n e e r i n g d e p a r t m e n t s . T h e s e d a t a t e n d t o 
s u p p o r t the c o n c e p t of m a t r i x manning by i l l u s t r a t i n g t h a t 
p r i m a r y and s e c o n d a r y r o l e s a l r e a d y e x i s t i n t h e c a r g o s u b -
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system. T h e s e r e s u l t s f u r t h e r i n d i c a t e t h e f a c t t h a t 
t r a n s f e r of c a r g o o f f i c e r s from l i n e r s o r tramps t o t a n k e r s 
i s not a d v i s a b l e b e c a u s e t h e c r i t l c a l i t y of t a n k e r 
o p e r a t i o n s i s t h a t much h i g h e r . 
The D I F F I C U L T Y d i a g r a m s d i s p l a y t h e f a c t t h a t a b o a r d 
the l i n e r and tramp s h i p s t h e m a j o r i t y of f u n c t i o n s r e q u i r e 
e x p e r i e n c e r a t h e r than knowledge. On t h e t a n k e r however a 
g r e a t e r d e g r e e of knowledge i s r e q u i r e d w h i c h i n d i c a t e s a 
need f o r g r e a t e r t r a i n i n g a b o a r d t h e s e s h i p s and f u r t h e r 
s u p p o r t s t h e argument t h a t t h e t r a n s f e r of p r i m a r y c a r g o 
r o l e s between t h e s e s h i p s i s not a d v i s a b l e . 
The SIGNIFICANCE d i a g r a m s show t h a t t h e t a n k e r h a s 
two p e a k s w h i c h a g a i n s u p p o r t s t h e c o n c e p t of a p r i m a r y 
r o l e o f f i c e r c o p i n g w i t h t h e f u n c t i o n s w h i c h h a v e a h i g h 
s i g n i f i c a n c e number. T h o s e f u n c t i o n s w i t h lower 
s i g n i f i c a n c e b e i n g u n d e r t a k e n by an o f f i c e r a c t i n g i n a 
s e c o n d a r y r o l e . With t h e tramp s h i p t h e s i g n i f i c a n c e of 
f u n c t i o n s d i s p l a y s a c l o s e group a r o u n d a f a i r l y low 
s i g n i f i c a n c e v a l u e of 9. T h i s s u p p o r t s t h e r e a l i t y t h a t 
c a r g o o p e r a t i o n s a b o a r d tramp s h i p s a r e s e c o n d a r y r o l e 
o p e r a t i o n s . The c a r g o f u n c t i o n s a b o a r d t h e l i n e r d i s p l a y 
two p e a k s but they a r e both a t t h e low s i g n i f i c a n c e end of 
t h e s c a l e . T h i s means t h a t a l t h o u g h t h e c a r g o f u n c t i o n s may 
be c o n s i d e r e d a s a s e c o n d a r y r o l e due t o t h e i r low 
s i g n i f i c a n c e i t may be b e t t e r t o s p l i t them i n t o p r i m a r y 
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and s e c o n d a r y r o l e s b e a r i n g i n mind t h e h i g h f r e q u e n c y and 
i n t e n s i t y of w o r k l o a d a b o a r d t h e s e s h i p s . 
MACHINERY SUB-SYSTEM 
The FREQUENCY d i a g r a m s of f i g u r e 5.10 I n d i c a t e t h e 
s i m i l a r i t y between the t a n k e r and t h e tramp. The l i n e r i s 
s e e n a s p e r f o r m i n g many of t h e m a c h i n e r y f u n c t i o n s a t 
f r e q u e n t i n t e r v a l s . T h i s once a g a i n r e f l e c t s t h e n a t u r e of 
the s h o r t s e a p a s s a g e s and f r e q u e n t e n g i n e manoeuvering. 
The e f f o r t a b o a r d the t a n k e r and tramp f o r m a n o e u v e r i n g i s 
c a r r i e d out a t much l o n g e r i n t e r v a l s and t h e f r e q u e n t 
f u n c t i o n s a r e t h e m o n i t o r i n g of s t e a d y r u n n i n g o p e r a t i o n s . 
The C R I T I C A L I T Y o f f u n c t i o n s I s s i m i l a r between t h e 
tramp and t h e l i n e r . T h i s i n g e n e r a l i s due to t h e 
s i m i l a r i t y of t h e i r s i z e s and t h e s i m p l i c i t y of t h e 
equipment compared to t h e t a n k e r . The t a n k e r h a s g e n e r a l l y 
much l a r g e r power u n i t s and t h e a u x i l i a r y u n i t s needed f o r 
c a r g o h a n d l i n g and c o n d i t i o n i n g a r e much more complex. T h i s 
l e a d s t o t h e h i g h e r c r i t i c a l i t y of m a c h i n e r y f u n c t i o n s 
a b o ard t a n k e r s and t e n d s to s u p p o r t t h e argument t h a t 
t r a n s f e r of m a c h i n e r y o p e r a t i v e s t o t a n k e r s may not be 
a d v i s a b l e i f t h e y a r e t o assume a p r i m a r y r o l e . The t a n k e r 
e s p e c i a l l y d i s p l a y s two g r o u p s of c r i t i c a l i t y o f f u n c t i o n s 
s u p p o r t i n g the c o n c e p t o f p r i m a r y and s e c o n d a r y r o l e s . 
The D I F F I C U L T Y d i a g r a m s i l l u s t r a t e t h a t a b o a r d a l l 
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s h i p t y p e s the f u n c t i o n s of m a c h i n e r y o p e r a t i o n a r e i n 
g e n e r a l e x p e r i e n c e based r a t h e r t h a n knowledge based. T h i s 
s u p p o r t s the argument t h a t t h e t r a n s f e r o f m a c h i n e r y 
o p e r a t i v e s between s h i p t y p e s may r e q u i r e e x p e r i e n t i a l 
t i m e - s e r v e d t r a i n i n g r a t h e r t h a n e x t r a c o 1 1 e g e - b a s e d 
knowledge prov i s i on. 
The SIGNIFICANCE d i a g r a m s of f i g u r e 5.11 show a wide 
s p r e a d of f u n c t i o n s i g n i f i c a n c e s compared w i t h o t h e r s u b -
s y s t e m s . T h i s s u p p o r t s t h e c o n c e p t of m a t r i x manning i n 
t h a t i t i s p o s s i b l e to have a p r i m a r y r o l e m a c h i n e r y 
o p e r a t i v e who c a n p e r f o r m t h e more s i g n i f i c a n t f u n c t i o n s 
and t h e l e s s s i g n i f i c a n t f u n c t i o n s may be a l l o c a t e d to 
o t h e r o f f i c e r s a c t i n g i n t h e i r s e c o n d a r y r o l e . 
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HOTEL & CATERING SUB-SYSTEM 
F i g u r e 5, 12 shows t h a t t h e h o t e l and c a t e r i n g s u b -
s y s t e m s a r e s u b s t a n t i a l l y t h e same i n a l l t h r e e s h i p t y p e s . 
The f u n c t i o n s a r e a l l of low C R I T I C A L I T Y and r e l y on 
e x p e r i e n c e r a t h e r t han knowledge. The o n l y d i f f e r e n c e 
between s h i p t y p e s i s i n t e r m s of t h e FREQUENCY of some 
f u n c t i o n s where the l i n e r p e r f o r m s most f u n c t i o n s d a l l y 
s i n c e i t i s c o n s t a n t l y f e e d i n g p a s s e n g e r s and r e p l e n i s h i n g 
s t o r e s w h e r e a s the tramp and t a n k e r t e n d t o p e r f o r m 
p r o v i s i o n i n g f u n c t i o n s a t l o n g e r I n t e r v a l s . T h e s e d a t a 
i l l u s t r a t e t h a t t r a n s f e r r a b i 1 1 t y of c a t e r i n g s k i l l s between 
s h i p t y p e s s h o u l d not c a u s e any problem. 
F i g u r e 5. 13 shows t h e s p r e a d o f S I G N I F I C A N C E numbers 
w i t h i n t h e h o t e l and c a t e r i n g s u b - s y s t e m s of e a c h of t h e 
t h r e e s h i p t y p e s . They a r e f u n d a m e n t a l l y t h e same and 
s u p p o r t t h e argument t h a t c a t e r i n g f u n c t i o n s may be a 
s e c o n d a r y r o l e f o r o f f i c e r s who h a v e o t h e r f u n c t i o n s a s 
t h e i r p r i m a r y r o l e . 
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COMMUNICATIONS SUB-SYSTEM 
F i g u r e 5.14 d e m o n s t r a t e s t h a t t h e c o m m u n i c a t i o n s sub-
s y s t e m i s v i r t u a l l y i d e n t i c a l i n terms of FREQUENCY, 
C R I T I C A L I T Y & D I F F I C U L T Y on a l l t h r e e s h i p t y p e s . T h i s 
means t h a t c o m m u n i c a t i o n s k i l l s a r e r e a d i l y t r a n s f e r r a b l e 
between s h i p t y p e s . On a l l s h i p t y p e s t h e r e a r e 
commun i c a t i o n f u n c t i o n s w h i c h o c c u r a t f r e q u e n t i n t e r v a l s 
( d a i l y ) . T h i s f a c t t o g e t h e r w i t h t h e s p r e a d of SIG N I F I C A N C E 
numbers i n f i g u r e 5.15 i n d i c a t e t h a t commun 1-ca t i on 
f u n c t i o n s may c o n v e n i e n t l y be s p l i t i n t o f u n c t i o n s w h i c h 
a r e p e r f o r m e d f r e q u e n t l y b e i n g a l l o t t e d t o an o f f i c e r a s a 
p r i m a r y f u n c t i o n w h i l s t t h o s e w h i c h a r e p e r f o r m e d l e s s 
f r e q u e n t l y may be a l l o t t e d t o o t h e r o f f i c e r s a s s e c o n d a r y 
r o l e s . 
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MANAGEMENT & ADMINISTRATION SUB-SYSTEM 
F i g u r e 5.16 shows t h a t the t a n k e r and t h e tramp 
p e r f o r m t h e s e f u n c t i o n s a t t h e same FREQUENCY r a t e s but 
t h a t t h e l i n e r a g a i n p e r f o r m s f u n c t i o n s a t a g r e a t e r 
f r e q u e n c y . T h i s i l l u s t r a t e s once more t h e r e l a t i v e l y h i g h 
d a i l y w o r k l o a d aboard t h e s h o r t s e a f e r r y . A l l s h i p t y p e s 
have a l a r g e number of low c r i t l c a l l t y f u n c t i o n s and one 
s i n g l e f u n c t i o n w h i c h I s r a t e d a s of h i g h c r i t i c a l i t y . T h i s 
f u n c t i o n i s the p r o v i s i o n of s u i t a b l y t r a i n e d and q u a l i f i e d 
p e r s o n n e l . T h i s one h i g h l y c r i t i c a l f u n c t i o n i s removed 
from a l l t h r e e s h i p t y p e s and i s f u l f i l l e d by s t a f f i n t h e 
s h i p p i n g management's o f f i c e s . T h i s f a c t r e n d e r s t h e 
f u n c t i o n s of t h e management and a d m i n i s t r a t i o n s u b - s y s t e m 
to be c o n s i d e r e d a s s e c o n d a r y r o l e f u n c t i o n s to be 
f u l f i l l e d by o f f i c e r s who h a v e o t h e r p r i m a r y r o l e s . The 
D I F F I C U L T Y r a t i n g s of t h e s e f u n c t i o n s show t h a t e x p e r i e n c e 
i s t h e p r i m a r y r e q u i r e m e n t a b o a r d t h e tramp and t h e l i n e r 
but f o r t h e t a n k e r some h i g h l e v e l knowledge I s r e q u i r e d . 
T h i s knowledge i s due t o t h e h a z a r d o u s and p o l l u t a n t n a t u r e 
of t h e c a r g o and f a m i l i a r i t y w i t h t h e n e c e s s a r y l e g i s l a t i o n 
a s s o c i a t e d w i t h t a n k e r o p e r a t i o n s . T h i s f a c t a g a i n 
u n d e r l i e s t h e l a c k o f t r a n s f e r r a b i 1 i t y of s k i l l s t o 
t a n k e r s . I n t h i s i n s t a n c e i t i s a r g u e d t h a t e x t r a c o l l e g e -
b a s e d knowledge i s r e q u i r e d by o f f i c e r s w i s h i n g to 
u n d e r t a k e a m a n a g e r i a l r o l e a b o a r d t a n k e r s . 
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F i g u r e 5. 17 d i s p l a y s t h e f a c t t h a t on t h e t a n k e r and 
the tramp t h e management and a d m i n i s t r a t i o n f u n c t i o n s a r e 
grouped around a s i n g l e peak of low s i g n i f i c a n c e and may 
t h e r e f o r e be c o n s i d e r e d a s s e c o n d a r y r o l e s . W ith t h e l i n e r 
the f u n c t i o n s a r e s p r e a d about two p e a k s . I n v i e w of t h e 
h i g h w o r k l o a d a b o a r d t h e s e v e s s e l s i t may be p r u d e n t t o 
a s s i g n t h o s e f u n c t i o n s w i t h a h i g h e r s i g n i f i c a n c e number t o 
an o f f i c e r a s a p r i m a r y r o l e . T h o s e f u n c t i o n s w i t h lower 
s i g n i f i c a n c e numbers may be g i v e n t o o t h e r o f f i c e r s a s 
s e c o n d a r y r o l e s . I n a l l t h r e e s h i p t y p e s t h e s i n g l e 
f u n c t i o n w i t h h i g h s i g n i f i c a n c e i s p e r f o r m e d by s h o r e s t a f f 
a s mentioned above. 
SAFETY & EMERGENCY SUB-SYSTEM 
The immediate i n f o r m a t i o n w h i c h emerges from t h e 
FREQUENCY d i a g r a m of f i g u r e 5.18 i s t h a t t h e f u n c t i o n s of 
t h i s s u b - s y s t e m a r e e i t h e r n e v e r p e r f o r m e d o r a r e p e r f o r m e d 
on a l o n g term random b a s i s . The r e a s o n f o r t h i s i s t h a t 
the f u n c t i o n s a r e o n l y p e r f o r m e d i n t h e e v e n t of an 
emergency w h i c h s h o u l d n e v e r o c c u r . The s m a l l number o f 
more f r e q u e n t l y p e r f o r m e d f u n c t i o n s r e f e r s t o t h e t e s t i n g 
and m a i n t e n a n c e of emergency equipment. Due to t h e n a t u r e 
of the c a r g o of t h e l i n e r - many human l i v e s - t h e s e 
f u n c t i o n s a r e p e r f o r m e d more f r e q u e n t l y t h a n a b o a r d t h e 
tramp o r t h e t a n k e r . 
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I t i s a l s o due to t h e r i s k t o p a s s e n g e r s ' l i v e s t h a t 
the C R I T I C A L I T Y r a t i n g s of t h e l i n e r assume t h e h i g h e s t 
numbers. The t a n k e r h a s t h e n e x t h i g h e s t v a l u e s f o r 
C R I T I C A L I T Y due to t h e n a t u r e of i t s c a r g o and the tramp 
h a s t h e l e a s t h i g h v a l u e s . The d a t a show t h a t a b o a r d the 
l i n e r and t h e t a n k e r t h e r e i s a need f o r an o f f i c e r t o have 
s a f e t y and emergency f u n c t i o n s a s h i s p r i m e r o l e and f o r 
o t h e r o f f i c e r s to s h a r e i n t h e s e d u t i e s a s p a r t of t h e i r 
s e c o n d a r y r o l e s . The c a s e i s not s o c l e a r w i t h t h e tramp 
and t h e d a t a c a n o n l y i n d i c a t e t h a t t h e r e i s a s e c o n d a r y 
r o l e to be s h a r e d amongst o f f i c e r s . However t h e v e r y n a t u r e 
of c r i s e s r e q u i r e s t h a t one p e r s o n a ssumes t h e p r i m a r y r o l e 
f o r i m p l e m e n t i n g a c t i o n and t h e r e f o r e even on t h e tramp *i t 
I s a r g u e d t h a t t h e r e s h o u l d be an o f f i c e r w i t h s a f e t y and 
emergency f u n c t i o n s a s h i s p r i m a r y r o l e . 
The D I F F I C U L T Y r a t i n g s of t h e s e f u n c t i o n s i n d i c a t e 
t h a t t h e y a r e a l l e x p e r i e n c e based. However t h e f r e q u e n c y 
of p e r f o r m a n c e of t h e s e f u n c t i o n s i s s u c h t h a t t h e y a r e 
e i t h e r n e v e r o r s e l dom p e r f o r m e d . T h i s means t h a t i n o r d e r 
to g e n e r a t e t h e r e q u i r e d e x p e r i e n c e i t I s n e c e s s a r y t o 
engage i n s i m u l a t i o n , d r i l l s and r o l e p l a y e x e r c i s e s . The 
t a n k e r group I n d i c a t e s t h a t a d e g r e e of knowledge i s a l s o 
r e q u i r e d t o cope w i t h e m e r g e n c i e s w h i c h a f f e c t t h e complex 
n a t u r e of t h e i r c a r g o e s . T h i s a g a i n s u p p o r t s t h e argument 
f o r n o n - t r a n s f e r r a b i 1 1 t y o f s k i l l s t o t h e t a n k e r s w i t h o u t 
some form of e x t r a t r a i n i n g . 
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F i g u r e 5.19 i l l u s t r a t e s t h a t by e x a m i n i n g the 
SIGNIFICANCE numbers i t i s p o s s i b l e t o a s s i g n p r i m a r y and 
s e c o n d a r y r o l e f u n c t i o n s a b o a r d e a c h of t h e t h r e e s h i p 
t y p e s . 
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CONCLUSIONS FROM SECTION 5.2 
T h i s s e c t i o n r e i n f o r c e s the d i s t i n c t i o n d e r i v e d 
e a r l i e r i n s e c t i o n 5.1 t h a t t h e r e a r e s i g n i f i c a n t 
d i f f e r e n c e s between t a n k e r s , t ramps and l i n e r s w h i c h a f f e c t 
t h e p e r f o r m a n c e s of t h e i r r e s p e c t i v e c r e w s . 
The l i n e r i s s e e n t o have a h i g h d a i l y w o r k l o a d , 
r e l a t i v e l y few h i g h l y c r i t i c a l f u n c t i o n s , and to r e q u i r e 
o f f i c e r s who a r e e x p e r i e n c e d r a t h e r t h a n k n o w l e d g e a b l e . I t 
i s s e e n t h a t i t i s p o s s i b l e t o a l l o c a t e t h e f u n c t i o n s of 
the l i n e r i n t o p r i m a r y and s e c o n d a r y r o l e s i n a c c o r d a n c e 
w i t h t h e r e q u i r e m e n t s of m a t r i x manning. T h i s a l l o c a t i o n 
may b e s t be done by e x a m i n a t i o n of t h e S I G N I F I C A N C E numbers 
c a l c u l a t e d f o r e a c h f u n c t i o n . The tramp i s s e e n a s h a v i n g 
peak w o r k l o a d s w h i c h o c c u r a t w e e k l y i n t e r v a l s . T h i s v e s s e l 
a l s o had a m a j o r i t y of n o n - c r i t i c a l f u n c t i o n s and r e q u i r e d 
e x p e r i e n c e d o f f i c e r s r a t h e r t han k n o w l e d g e a b l e ones. The 
d i s t r i b u t i o n of S I G N I F I C A N C E numbers a l s o i n d i c a t e d t h e 
p o s s i b i l i t y of a s s i g n i n g p r i m a r y and s e c o n d a r y r o l e s i n a l l 
s h i p s u b - s y s t e m s . 
The t a n k e r emerges a s t h e v e s s e l w h i c h h a s t h e most 
c r i t i c a l f u n c t i o n s and a l s o r e q u i r e s o f f i c e r s w i t h a h i g h e r 
knowledge l e v e l t h an t h e o t h e r two s h i p t y p e s . I t i s a r g u e d 
t h a t due to t h e s p e c i a l i s t n a t u r e o f t a n k e r work a s 
a n a l y z e d i t i s u n w i s e to a l l o w u n c o n d i t i o n a l t r a n s f e r of 
p e r s o n n e l t o t h e t a n k e r from e i t h e r t h e l i n e r o r tramp. A 
m i x t u r e of c o l l e g e - b a s e d l e a r n i n g and on-board e x p e r i e n t i a l 
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l e a r n i n g i s a d v o c a t e d f o r o f f i c e r s w i s h i n g t o t r a n s f e r to 
t a n k e r s . The t a n k e r , a s w i t h t h e o t h e r two s h i p t y p e s , 
a p p e a r s from t h e d a t a to be c a p a b l e of b e i n g manned by 
o f f i c e r s o r g a n i z e d on a m a t r i x p r i n c i p l e a s d e s c r i b e d by 
H e r b s t (1974) and Smith & Roggema <1980a). 
T h i s a n a l y s i s o f t h e d a t a r e l a t i n g to FREQUENCY, 
C R I T I C A L I T Y & D I F F I C U L T Y t h e r e f o r e s u p p o r t s t h e p o s s i b i l i t y 
of a s s e m b l i n g s h i p s ' c r e w s on a m a t r i x p r i n c i p l e . 
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5.3 RESULTS OF DATA. THINGS & PEOPLE OBSERVATIONS 
I t was shown i n S e c t i o n 5.2 t h a t s h i p f u n c t i o n s may 
be examined f o r SIGNIFICANCE and a p p a r e n t l y s e g r e g a t e d i n t o 
two doma i n s : -
1. t h o s e f u n c t i o n s which, by v i r t u e of t h e i r FREQUENCY. 
C R I T I C A L I T Y 3i D I F F I C U L T Y may be c o n s i d e r e d h i g h l y 
SIGNIFICANT and form a c o r e of f u n c t i o n s whose f u l f i l l m e n t 
s h o u l d be a p r i m a r y r e s p o n s i b i l i t y of one o f f i c e r and 
2. t h o s e f u n c t i o n s w h i c h a r e c o n s i d e r e d l e s s S I G N I F I C A N T 
and whose f u l f i l l m e n t may be a s e c o n d a r y r e s p o n s i b i l i t y of 
an of f l e e r . 
FREQUENCY and C R I T I C A L I T Y may be a c c u r a t e l y measured 
and a d i f f e r e n t i a t i o n drawn between f u n c t i o n s whose 
f u l f i l l m e n t r e q u i r e s the u s e of KNOWLEDGE and t h o s e 
r e q u i r i n g EXPERIENCE. But t h e q u a l i t a t i v e n a t u r e of t h e 
f u n c t i o n s i s not a d d r e s s e d by t h e s e m e a s u r e s i e . does t h e 
f u n c t i o n i n v o l v e DATA h a n d l i n g , i s i t a manual o p e r a t i o n 
i n v o l v i n g t h e u s e of THINGS, o r does i t r e q u i r e t h e 
s u p e r v i s i o n o r c o o p e r a t i o n of o t h e r PEOPLE ? 
I n o r d e r t o a s s e s s t h e q u a l i t y of work r e q u i r e d f o r 
c o m p l e t i o n of f u n c t i o n s t h e F u n c t i o n a l J o b A n a l y s i s 
r a t i n g s of DATA, THINGS & PEOPLE a r e examined. The r e s u l t s 
of the r e s e a r c h w i t h r e s p e c t t o DATA, THINGS & PEOPLE a r e 
p r e s e n t e d i n t h e f o l l o w i n g manner. 
1. The r a t i n g s o b t a i n e d f o r e a c h i n d i v i d u a l s h i p a r e 
a v e r a g e d t o p r o d u c e a s e t of f i g u r e s f o r t h e ' a v e r a g e 
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t a n k e r ' , t h e ' a v e r a g e t r a m p ' a n d t h e ' a v e r a g e l i n e r . F o r 
e x a m p l e a f u n c t i o n w h i c h r e q u i r e s DATA h a n d l i n g l e v e l 1 
( c o m p a r i n g ) i n o r d e r t o be f u l f i l l e d a b o a r d t h e c r u d e 
c a r r i e r may r e q u i r e l e v e l 2 p e r f o r m a n c e ( c o p y i n g ) a b o a r d 
t h e g a s c a r r i e r , p r o d u c t t a n k e r a n d c h e m i c a l c a r r i e r . S u c h 
a f u n c t i o n w o u l d a c q u i r e a mean v a l u e o f :-
MODULUS (1 + 2 + 2 + 2 ) / 4 = 2 
2. T h e number o f f u n c t i o n s w i t h s p e c i f i c DATA, T H I N G S 
& P E O P L E r a t i n g s a r e t h e n summed a n d p l o t t e d o n f r e q u e n c y 
h i s t o g r a m s . 
3. A 'COMPLEXITY NUMBER' i s d e t e r m i n e d f o r e a c h 
f u n c t i o n a s f o l l o w s . T h e a v e r a g e r a t i n g s o f DATA. T H I N G S 
a n d P E O P L E a r e summed t o p r o v i d e t h e c o m p l e x i t y number: 
DATA + T H I N G S + P E O P L E = C O M P L E X I T Y 
5 + 4 + 2 = 11 
T h i s r e p r e s e n t s a f u n c t i o n w h i c h r e q u i r e s ANALYZING 
d a t a < r a t l n g DATA 5>. MANIPULATING some e q u i p m e n t C r a t i n g 
THINGS 4 ) a n d INFORMING o t h e r s o f t h e a c t i o n t a k e n C r a t i n g 
P E O P L E 2>. T h e C O M P L E X I T Y o f t h i s f u n c t i o n i s t h e r e f o r e 11 
on a 2 4 p o i n t s c a l e . F u n c t i o n s w h i c h r e q u i r e a h i g h l e v e l 
o f d a t a h a n d l i n g , p r e c i s i o n u s e o f e q u i p m e n t a n d i n v o l v e 
i m p o r t a n t i n t e r a c t i o n s w i t h p e o p l e r e c e i v e a h i g h 
c o m p l e x i t y number. T h o s e f u n c t i o n s w h i c h r e q u i r e o n l y l o w 
d a t a h a n d l i n g a b i l i t y , t h e s i m p l e f e e d i n g o r t e n d i n g o f 
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m a c h i n e r y . a n d i n v o l v e m e r e l y a s s i s t i n g o t h e r p e o p l e 
r e c e i v e l o w c o m p l e x i t y n u m b e r s . T h e c o m p l e x i t y n u m b e r s a r e 
p l o t t e d a s f r e q u e n c y h i s t o g r a m s f o r e a c h s u b - s y s t e m . 
N A V I G A T I O N SUB-SYSTEM 
T h e d i s t r i b u t i o n o f DATA. T H I N G S a n d P E O P L E r a t i n g s 
f o r t h e n a v i g a t i o n s u b - s y s t e m i s s h o w n i n f i g u r e 5 . 2 0 . 
NUHBER OF 
FUNCTIONS 
TANKER. TRAMP & L I N E R 
i l l s i l i i 
S S S S i c K ^ 
CO « a <x> < 0 < a a . 
Z CO lU 
s ^ 
K 3 E K Z K Z 
Q »— CO »— o : 
gc Qc ^ ^ < j ca 
•—• »— C S LU lAJ a Ck. CA <0 K 0_ => Z LiLl 
<A H a e 
D A T A T H I N G S 
N A V I G A T I O N S U B - S Y S T E M 
P E O P L E 
F i g u r e 5 . 2 0 
T h e f i g u r e d e m o n s t r a t e s a n i m p o r t a n t p o i n t . T h e 
l e v e l s o f I n t e r a c t i o n o f t h e f u n c t i o n p e r f o r m e r w i t h DATA, 
THINGS & P E O P L E a r e i d e n t i c a l r e g a r d l e s s o f t h e t y p e o f 
s h i p i n v o l v e d . T h i s m e a n s t h a t t h e f u n c t i o n o f , s a y , 
c o l l i s i o n a v o i d a n c e p o s e s e x a c t l y t h e same c h a l l e n g e t o t h e 
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n a v i g a t o r o f a s m a l l d r y b u l k c o a s t e r a s i t d o e s t o t h e 
n a v i g a t o r o f a l a r g e c r u d e o i l c a r r i e r . T h e c o n s e q u e n c e s o f 
e r r o r a r e s u b s t a n t i a l l y d i f f e r e n t a s d e s c r i b e d i n s e c t i o n s 
5.1 a n d 5.2 b u t t h e a b i l i t y r e q u i r e m e n t s o f t h e o p e r a t o r s 
a r e t h e same. I n s e c t i o n 5.2 t h e c l a i m i s made t h a t 
o f f i c e r s f r o m t r a m p s a n d l i n e r s s h o u l d n o t h a v e r e a d y 
t r a n s f e r t o s h i p s o f t h e t a n k e r g r o u p . T h i s m e a n s t h a t , 
a l t h o u g h t e c h n i c a l l y c a p a b l e o f n a v i g a t i n g t a n k e r s , t h e y 
must h a v e t h e e x t r a k n o w l e d g e o f t h e r i s k p o s e d by 
i n c o r r e c t f u n c t i o n p e r f o r m a n c e b e f o r e b e i n g a l l o w e d t o 
n a v i g a t e s u c h v e s s e l s . 
T h e DATA d i s t r i b u t i o n i l l u s t r a t e s t h a t much o f t h e 
work o f t h e n a v i g a t o r i s h i g h l e v e l d a t a h a n d l i n g . 
I n f o r m a t i o n i s c o m p i l e d a n d a n a l y z e d a n d i n n o v a t i v e 
d e c i s i o n s a r e made t o meet t h e u n i q u e h a z a r d s p r e s e n t e d t o 
t h e v e s s e l a t a n y s t a g e o f i t s v o y a g e . C o o r d i n a t i o n o f 
o t h e r s u b - s y s t e m s i s n e c e s s a r y t o meet p e r f o r m a n c e 
r e q u i r e m e n t s a n d e n s u r e t h e o b j e c t i v e o f s a f e a n d e f f i c i e n t 
n a v i g a t i o n i s a c h i e v e d . T h e r e i s a l s o a b l o c k o f l o w l e v e l 
d a t a h a n d l i n g c o n s i s t i n g o f c o m p a r i n g i n c o m i n g d a t a t o 
d e t e r m i n e i f s u b s e q u e n t a n a l y s i s i s n e c e s s a r y a n d a n a m o u n t 
o f c o p y i n g i n o r d e r t o s t o r e a n d d i s s e m i n a t e d a t a . I t i s 
a r g u e d t h a t by e x a m i n a t i o n o f t h e f r e q u e n c y h i s t o g r a m t h e s e 
d a t a h a n d l i n g f u n c t i o n s may be s p l i t i n t o p r i m a r y r o l e 
f u n c t i o n s a n d s e c o n d a r y r o l e f u n c t i o n s . T h e h i g h e r l e v e l 
f u n c t i o n s , w h i c h I n d i c a t e s u p e r i o r human p e r f o r m a n c e , b e i n g 
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a l l o t t e d t o p r i m a r y r o l e o p e r a t o r s a n d t h e l o w e r l e v e l 
f u n c t i o n s t o o f f i c e r s o p e r a t i n g i n t h e i r s e c o n d a r y r o l e 
c a p a c i t i e s . T h e r e f o r e t h e p o s s i b i l i t y o f m a t r i x m a n n i n g i s 
s u p p o r t e d by t h e s e d a t a . 
T h e T H I N G S d i s t r i b u t i o n a l s o d i s p l a y s t h e p o s s i b i l i t y 
o f s e p a r a t i n g f u n c t i o n s i n t o p r i m a r y a n d s e c o n d a r y r o l e 
f u n c t i o n s . I n t h i s c a s e i t i s a r g u e d t h a t t h e p r i m a r y r o l e 
o p e r a t o r s h o u l d b e a c c o r d e d t h e f u n c t i o n s w h o s e f u l f i l l m e n t 
i n v o l v e s t h e h i g h l e v e l f u n c t i o n s o f o p e r a t i n g a n d 
c o n t r o l l i n g n a v i g a t i o n a l e q u i p m e n t a n d e s p e c i a l l y t h o s e 
f u n c t i o n s w h i c h r e q u i r e p r e c i s e r e s u l t s o r i n v o l v e t h e 
s e t t i n g up o f c o m p l e x i n s t r u m e n t s . T h e s e c o n d a r y r o l e 
o p e r a t o r s h o u l d be a s s i g n e d t h o s e f u n c t i o n s w h i c h r e q u i r e 
o n l y h a n d l i n g a n d do n o t i n v o l v e J u d g e m e n t o r t h e 
a t t a i n m e n t o f s p e c i f i c s t a n d a r d s . 
T h e d i s t r i b u t i o n o f P E O P L E r a t i n g s s u p p o r t s t h e 
s e p a r a t i o n o f n a v i g a t i o n a l f u n c t i o n s i n t o p r i m a r y a n d 
s e c o n d a r y m a t r i x f u n c t i o n s . T h e s e c o n d a r y r o l e o p e r a t o r i n 
t h i s i n s t a n c e w o u l d b e a s s i g n e d t h o s e f u n c t i o n s w h i c h 
i n v o l v e t h e c o n v e y i n g o r e x c h a n g i n g o f i n f o r m a t i o n . T h e 
p r i m a r y r o l e o p e r a t o r w o u l d r e c e i v e t h e f u n c t i o n s w h i c h 
i n v o l v e s u p e r v i s i o n a n d t h e I n s t r u c t i o n o f t r a i n e e s I n t h e 
n a v I g a t i o n a 1 f u n c t i o n s . 
T h e d i s t r i b u t i o n o f t h e C O M P L E X I T Y n u m b e r s a s s h o w n 
i n f i g u r e 5.21 d r a w s t o g e t h e r t h e v a l u e s o f DATA, T H I N G S & 
P E O P L E r a t i n g s a n d f u r t h e r s u p p o r t s t h e s e p a r a t i o n o f t h e 
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n a v i g a t i o n s u b — s y s t e m f u n c t i o n s i n t o p r i m a r y a n d s e c o n d a r y 
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F i g u r e 5.21 
CARGO SUB-SYSTEM 
F i g u r e 5 . 22 i l l u s t r a t e s t h e s p r e a d o f DATA, TH I N G S 8t 
P E O P L E r a t i n g s i n t h e c a r g o s u b - s y s t e m : 
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F i g u r e 5 . 2 2 
P E O P L E 
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T h e d i s t r i b u t i o n o f DATA r a t i n g s i s i d e n t i c a l f o r a l l 
t h r e e s h i p t y p e s . T h e r e a g a i n a p p e a r s t o b e t w o s e p a r a t e 
l e v e l s o f i n t e r a c t i o n d e p i c t e d . T h e r e i s a h i g h l e v e l g r o u p 
o f f u n c t i o n s w h i c h i n v o l v e s a n a l y s i s o f i n f o r m a t i o n a n d 
i n n o v a t i v e d e c i s i o n m a k i n g i n o r d e r t o a c c o m m o d a t e t h e 
u n i q u e p r o b l e m s p o s e d by s p e c i f i c p o r t s a n d c a r g o e s . T h e r e 
i s a s m a l l amount o f c o o r d i n a t i o n w h i c h i n v o l v e s 
c o o r d i n a t i n g o t h e r s u b - s y s t e m s t o a c h i e v e a s u c c e s f u l c a r g o 
o p e r a t i o n . A s e p a r a t e g r o u p o f f u n c t i o n s e x i s t s , a s w i t h 
t h e n a v i g a t i o n s u b - s y s t e m , w h i c h i n v o l v e s c o m p a r i n g a n d 
c o p y i n g . A g a i n i t i s p r o p o s e d t h a t t h e s e two b l o c k s o f 
f u n c t i o n s c o u l d be a l l o t t e d t o p r i m a r y a n d s e c o n d a r y r o l e 
o p e r a t o r s . 
T h e d i s t r i b u t i o n o f t h e P E O P L E r a t i n g s i s a l s o t h e 
same f o r a l l t h r e e s h i p t y p e s . T h e d i s t r i b u t i o n i s v e r y 
s i m i l a r t o t h a t f o r t h e n a v i g a t i o n s u b - s y s t e m P E O P L E 
r a t i n g s a n d s i m i l a r l y s h o w s a p o s s i b i l i t y f o r s e p a r a t i n g 
t h e f u n c t i o n s i n t o p r i m a r y a n d s e c o n d a r y r o l e s . 
T h e p a t t e r n s d i s p l a y e d by t h e T H I N G S r a t i n g s , 
h o w e v e r , a r e v e r y d i f f e r e n t b e t w e e n t h e s h i p t y p e s . T h e 
l i n e r i n d i c a t e s f e w e r c a r g o f u n c t i o n s t h a n t h e t r a m p o r t h e 
t a n k e r . T h i s i s d u e t o t h e s h o r t n a t u r e o f t h e f e r r y v o y a g e 
a n d t h e f a c t t h a t many c a r g o m o n i t o r i n g f u n c t i o n s a r e n o t 
p e r f o r m e d . I t i s a l s o c a u s e d by t h e n a t u r e o f t h e c a r g o . 
F e r r y c a r g o e s , b e i n g p a s s e n g e r s , c a r s a n d l o r r i e s a r e a l l 
s e l f l o a d i n g a n d s e l f d i s c h a r g i n g a n d r e q u i r e f e w f u n c t i o n s 
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t o be p e r f o r m e d by t h e c r e w . T h e t r a m p s s h o w a l a r g e a m o u n t 
o f l o w l e v e l ' h a n d l i n g ' , some ' f e e d i n g ' a n d ' t e n d i n g ' a n d 
an amount o f m a n i p u l a t i o n . T h i s r e f l e c t s t h e e x t r e m e l y 
m a n u a l o p e r a t i o n s o f c a r g o s p a c e p r e p a r a t i o n , t o g e t h e r w i t h 
t h e t e n d i n g a n d m a n i p u l a t i v e s k i l l s r e q u i r e d t o o p e r a t e t h e 
s p e c i a l i z e d c a r g o h a n d l i n g e q u i p m e n t s u c h a s c r a n e s , g r a b s 
a n d c o n v e y o r s . T o g e t h e r t h e s e f u n c t i o n s f o r m a g r o u p a t t h e 
l o w e r e n d o f t h e i n t e r a c t i o n r a n g e a n d i t i s a r g u e d t h a t 
t h e s e f u n c t i o n s c o u l d be a s s i g n e d t o a n o p e r a t o r who i s 
p e r f o r m i n g i n h i s s e c o n d a r y r o l e . H e r b s t ( 1 9 7 4 , p. 2 9 ) 
a s s e r t s t h a t 
'many t a s k s may b e w h o l l y o r p a r t l y s h o r e b a s e d . I f t a s k s 
a r e s p l i t up s o t h a t o n e p a r t i s c a r r i e d o u t o n b o a r d a n d 
t h e o t h e r p a r t a s h o r e , t h e n t h e s i g n i f i c a n t d e c i s i o n 
v a r i a b l e i s t h e l o c a t i o n o f t a s k c o m p o n e n t s t h a t i n v o l v e 
<a) d e c i s i o n s r e q u i r i n g a h i g h l e v e l o f s k i l l a n d 
J u d g e m e n t 
( b ) work a n d d e c i s i o n s a t t e c h n i c i a n l e v e l 
<c) u n s k i l l e d a n d s e m i - s k i l l e d l a b o u r . ' 
By r e f e r r i n g t o f i g u r e 5 . 8, p a g e 140, i t i s s e e n t h a t 
many c a r g o o p e r a t i o n s h a v e a l o w l e v e l o f C R I T I C A L I T Y . I t 
h a s now b e e n s h o w n t h a t many c a r g o f u n c t i o n s a r e a l s o 
c a p a b l e o f b e i n g p e r f o r m e d by o p e r a t o r s who a r e h a n d l i n g 
DATA, T H I N G S 2i P E O P L E a t l o w l e v e l s . T h i s s h o u l d i d e n t i f y a 
g r o u p o f f u n c t i o n s w h o s e p e r f o r m a n c e may be p a s s e d t o s h o r e 
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b a s e d o p e r a t i v e s . T h i s i s i n d e e d t h e c a s e a n d i t h a s b e e n 
o b s e r v e d d u r i n g t h e r e s e a r c h v o y a g e s t h a t on t h e t r a m p s a n d 
l i n e r s , e s p e c i a l l y t h e s m a l l e r s h i p s , many o f t h e c a r g o 
f u n c t i o n s a r e p e r f o r m e d by s h o r e o p e r a t i v e s . T h e s e d a t a 
t h e r e f o r e s u p p o r t t h e t h e o r i e s o f H e r b s t a n d o t h e r s t h a t , 
i n o r d e r t o i n t r o d u c e m a t r i x m a n n i n g , c e r t a i n f u n c t i o n s may 
be d e v o l v e d t o s h o r e o p e r a t i v e s . 
T h e h i s t o g r a m d i s p l a y i n g t h e T H I N G S i n t e r a c t i o n s 
w i t h i n t h e c a r g o s u b - s y s t e m o f t h e t a n k e r s , h p w e v e r , 
e x h i b i t s a d i f f e r e n t d i s t r i b u t i o n . T h e v a s t a m o u n t o f c a r g o 
f u n c t i o n s p e r f o r m e d a b o a r d t h e t a n k e r a r e t h o s e w h i c h 
i n v o l v e ' c o n t r o l l i n g ' . T h i s i s b e c a u s e t h e p e r s o n n e l a b o a r d 
t h e t a n k e r s l o a d a n d d i s c h a r g e t h e i r own c a r g o e s w i t h 
l i t t l e a s s i s t a n c e f r o m s h o r e s t a f f . T h e y m o n i t o r g a u g e s , 
p r e s s u r e s , f l o w s a n d c o n t r o l pumps a n d o t h e r s p e c i a l i z e d 
e q u i p m e n t . T h i s i s a l s o r e f l e c t e d i n t h e l a r g e amount o f 
f u n c t i o n s I n v o l v i n g ' p r e c i s i o n w o r k i n g ' a n d ' s e t t i n g up' 
r e l a t i v e t o t h e t r a m p s a n d l i n e r s . T h e t a n k e r s do h a v e a n 
i d e n t i f i a b l e l o w e r l e v e l g r o u p o f f u n c t i o n s w h i c h i s s m a l l 
a n d i n v o l v e s t h e t e n d i n g o f c a r g o m a c h i n e r y a n d t h e 
m a n i p u l a t i o n o f v a l v e s , f l e x i b l e h o s e s e t c . A b o a r d t h e 
t a n k e r s t h i s g r o u p o f f u n c t i o n s i s p e r f o r m e d by r a t i n g s a n d 
t h e h i g h e r l e v e l f u n c t i o n s a r e p e r f o r m e d b y o f f i c e r s . 
W h i l s t t h e s e f u n c t i o n s a r e n o t s e p a r a t e d a c c o r d i n g t o a 
m a t r i x s c h e m e t h e i r v e r y s e p a r a t i o n s h o w s t h a t t h e 
p o s s i b i l i t y o f r e a l l o c a t i n g t h e m a s p r i m a r y a n d s e c o n d a r y 
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o f f i c e r r o l e s e x i s t s . 
F i g u r e 5 . 2 3 i l l u s t r a t e s t h e d i s t r i b u t i o n o f t h e 
C O M P L E X I T Y n u m b e r s w i t h i n t h e c a r g o s u b - s y s t e m . T h e d i a g r a m 
i l l u s t r a t e s t h a t t h e r e i s a s u b s t a n t i a l b l o c k o f f u n c t i o n s 
w h i c h a r e o f l o w c o m p l e x i t y a n d may be a s s i g n e d t o a n 
o f f i c e r a c t i n g i n h i s s e c o n d a r y r o l e . T h e r e i s a l s o a n 
i d e n t i f i a b l e g r o u p o f f u n c t i o n s w h i c h a r e o f g r e a t e r 
c o m p l e x i t y a n d w h i c h s h o u l d b e f u l f i l l e d b y a p r i m a r y r o l e 
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5. R E S U L T S 
MACHINERY SUB-SYSTEM 
T h e l e v e l s o f DATA, TH I N G S 3i P E O P L E i n t e r a c t i o n s w i t h i n 
t h e m a c h i n e r y s u b - s y s t e m a r e s h o w n i n f i g u r e 5 . 2 4 . T h e m o s t 
o b v i o u s r e s u l t e m e r g i n g f r o m t h i s d i a g r a m i s t h a t a b o a r d 
a l l t h r e e s h i p t y p e s t h e P E O P L E i n t e r a c t i o n s a r e i d e n t i c a l . 
F u r t h e r t h e y a p p a r e n t l y o n l y i n v o l v e l o w l e v e l i n t e r a c t i o n s 
o f ' i n f o r m i n g * a n d ' p e r s u a d i n g * . T h i s i s u n d e r s t o o d t o 
r e f l e c t t h e f a c t t h a t many m a c h i n e r y f u n c t i o n s a r e 
p e r f o r m e d by s i n g l e i n d i v i d u a l s w o r k i n g i n i s o l a t i o n w i t h 
m a c h i n e r y . T h e i n t e r a c t i o n w i t h o t h e r p e o p l e o c c u r s when 
i n f o r m i n g o t h e r s o f t h e s t a t u s o f t h e m a c h i n e r y a n d t h e 
e f f i c a c y o f m a i n t e n a n c e w o r k . T h e l a r g e amount o f 
' p e r s u a d i n g ' r e p r e s e n t s t h e m e c h a n i c a l , e l e c t r i c a l a n d 
e l e c t r o n i c a d v i c e a n d a s s i s t a n c e w h i c h i s g i v e n by 
m a c h i n e r y p e r s o n n e l t o e f f e c t t h e c o r r e c t u s e o f e q u i p m e n t 
a n d m a c h i n e r y f r o m a l l t h e s u b - s y s t e m s . 
T h e d i s t r i b u t i o n o f t h e DATA r e s u l t s d e m o n s t r a t e s 
t h a t t h e t r a m p a n d t h e l i n e r a r e i d e n t i c a l i n t h e 
i n t e r a c t i o n s n e c e s s a r y f o r f u l f i l l i n g t h e m a c h i n e r y s u b -
s y s t e m f u n c t i o n s . T h e s k i l l s i n v o l v e d h e r e a r e t h o s e o f 
c o m p i l i n g t h e r e l e v a n t i n f o r m a t i o n on t h e s t a t e o f t h e 
s h i p ' s m a c h i n e r y a n d a n a l y z i n g t h e n e e d f o r a c t i o n t o 
o b t a i n o p t i m a l p e r f o r m a n c e . T h e g r o u p o f t a n k e r s h a s a 
s u b s t a n t i a l l y g r e a t e r n u m b e r o f h i g h e r l e v e l f u n c t i o n s t h a n 
t h e t r a m p s o r l i n e r s . T h e r e i s a n e e d f o r I n n o v a t i v e 
f u n c t i o n s t o be p e r f o r m e d . T h i s i s b e c a u s e , d u e t o t h e 
n a t u r e o f t h e c a r g o e s c a r r i e d . t h e r e i s much e x t r a 
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5. R E S U L T S 
m a c h i n e r y a n d e q u i p m e n t i n v o l v e d w i t h t h e m a i n t e n a n c e o f 
t h e c a r g o a n d c a r g o s p a c e c o n d i t i o n s . F o r e x a m p l e t h e r e a r e 
c a r g o h e a t i n g s y s t e m s , i n e r t g a s g e n e r a t o r s , a n d 
s p e c i a l i z e d p u m p i n g e q u i p m e n t , n o n e o f w h i c h i s f i t t e d t o 
t h e t r a m p s a n d l i n e r s . T h i s o n c e a g a i n u n d e r l i n e s t h e f a c t 
t h a t m o b i l i t y o f p e r s o n n e l f r o m t h e t r a m p s a n d l i n e r s t o 
t h e t a n k e r s s h o u l d be made o n l y w i t h t h e p r o v i s i o n o f e x t r a 
t r a i n i n g . 
T h e T H I N G S d i s t r i b u t i o n s h o w s t h e l i n e r a s b e i n g t h e 
s i m p l e s t t o o p e r a t e o f t h e t h r e e s h i p t y p e s . T h i s i s 
b e c a u s e I t h a s r e g u l a r b a s e p o r t s a n d t h e p r o v i s i o n o f 
m a i n t e n a n c e f a c i l i t i e s I s e a s i l y a r r a n g e d . T h e s h i p b o a r d 
o p e r a t o r s t h e r e f o r e u t i l i s e t h e m a j o r i t y o f t h e i r s k i l l s i n 
t e n d i n g t h e m a c h i n e r y a n d a r e n o t r e q u i r e d t o p e r f o r m 
f u n c t i o n s a t a h i g h e r l e v e l , t h e s e b e i n g p e r f o r m e d by s h o r e 
b a s e d p e r s o n n e l . I n c o n t r a s t , d u e t o t h e i r r e m o t e n e s s f r o m 
s h o r e s u p p o r t , t h e o p e r a t o r s o f t h e m a c h i n e r y s u b - s y s t e m 
a b o a r d t h e t r a m p s a n d t a n k e r s a r e r e q u i r e d t o p e r f o r m 
e q u i p m e n t r e l a t e d f u n c t i o n s a t h i g h e r l e v e l s . T h i s i n v o l v e s 
m a n i p u l a t o r y a n d d r i v i n g s k i l l s w h i c h n e c e s s i t a t e g r e a t e r 
j u d g e m e n t a n d p r e c i s i o n . 
T h e d i s t r i b u t i o n o f t h e C O M P L E X I T Y n u m b e r s i s s h o w n 
i n f i g u r e 5 . 2 5 . T h i s i l l u s t r a t e s t h a t t h e r e a r e two l e v e l s 
o f c o m p l e x i t y o f f u n c t i o n s w i t h i n t h e m a c h i n e r y s u b - s y s t e m 
b u t t h e s p a n o f c o m p l e x i t y i s n o t g r e a t . T h e l o w e r l e v e l , 
w h i c h c o u l d b e a s s i g n e d a s a s e c o n d a r y r o l e , i n v o l v e s t h e 
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s i m p l e t e n d i n g o f a u t o m a t e d m a c h i n e r y . T h e h i g h e r l e v e l , o r 
p r i m a r y r o l e f u n c t i o n s , i n v o l v e s some j u d g e m e n t i n 
m a n i p u l a t i n g t o o l s a n d e q u i p m e n t a n d d r i v i n g o r o p e r a t i n g 
e q u i p m e n t w i t h a d e g r e e o f p r e c i s i o n . 
T h e m a c h i n e r y s u b - s y s t e m r e s u l t s s u p p o r t t h e 
s e g r e g a t i o n o f s h i p f u n c t i o n s i n t o t h e p r i m a r y a n d 
s e c o n d a r y r o l e s w h i c h i s n e c e s s a r y t o s u s t a i n t h e m a t r i x 
m a n n i n g s y s t e m . I t f u r t h e r e m p h a s i s e s t h e d i s s i m i l a r i t y 
b e t w e e n t a n k e r o p e r a t i o n s a n d t h o s e o f t h e o t h e r s h i p t y p e s 
a n d s u p p o r t s t h e a r g u m e n t f o r more t r a i n i n g f o r t h o s e 
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5. R E S U L T S 
HOTEL & C A T E R I N G SUB-SYSTEM 
T h e d i s t r i b u t i o n o f t h e f u n c t i o n s i n t h i s s u b - s y s t e m 
i s s h o w n i n f i g u r e 5 . 2 6 a n d i s i d e n t i c a l f o r a l l t h r e e s h i p 
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HOTEL & C A T E R I N G S U B - S Y S T E M 
F i g u r e 5 . 2 6 
P E O P L E 
T h e DATA r a t i n g s s h o w t h a t t h e r e i s a n amount o f 
h i g h l e v e l d a t a h a n d l i n g o c c u r i n g w i t h i n t h i s s u b - s y s t e m . 
T h e r e i s c o o r d i n a t i o n b o t h w i t h o t h e r s y s t e m s a b o a r d a n d 
w i t h t h e s u p p l i e r s o f s t o r e s who a r e b a s e d a s h o r e . T h e r e i s 
c o m p i l a t i o n o f r e c o r d s a n d a n a l y s i s t o e n s u r e t h a t 
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s t a n d a r d s a r e b e i n g met a n d c o s t s a r e u n d e r c o n t r o l . T h e r e 
i s a l s o l o w l e v e l r e c o r d i n g o f c a t e r i n g i n f o r m a t i o n a n d 
' c o m p a r i s o n * f u n c t i o n s w h i c h e n s u r e t h a t s t a n d a r d s o f 
c l e a n l i n e s s a n d h y g i e n e a r e a s s u r e d . 
T h e s e d a t a h a n d l i n g f u n c t i o n s c a n a p p a r e n t l y be 
s e p a r a t e d i n t o p r i m a r y a n d s e c o n d a r y r o l e b l o c k s a n d 
a s s i g n e d t o a p p r o p r i a t e o f f i c e r s . 
T h e T H I N G S I n t e r a c t i o n s a l s o f a l l i n t o two g r o u p s . 
T h e r e a r e t h e h i g h l e v e l , p r i m a r y f u n c t i o n s w h i c h e n t a i l 
t h e p r e c i s i o n work i n v o l v e d i n m e a l p r e p a r a t i o n a n d t h e 
m a n i p u l a t i o n o f e q u i p m e n t t o p r o d u c e t h e . f i n i s h e d p r o d u c t . 
T h e r e a r e t h e l o w l e v e l ' h a n d l i n g ' f u n c t i o n s w h i c h 
e n c o m p a s s t h e m e n i a l d u t i e s o f c l e a n i n g a c c o m m o d a t i o n a n d 
p r e p a r i n g f o o d . 
T h e d i s t r i b u t i o n o f P E O P L E i n t e r a c t i o n s i 1 l u s t r a t e s 
f u r t h e r t h e p o s s i b i l i t y o f s p l i t t i n g t h e c a t e r i n g f u n c t i o n s 
i n t o p r i m a r y a n d s e c o n d a r y r o l e f u n c t i o n s . T h e p r i m a r y r o l e 
h e r e i n v o l v e s t h e s u p e r v i s i o n a n d i n s t r u c t i o n o f p e r s o n n e l 
a b o a r d i n c a t e r i n g f u n c t i o n s i n a d d i t i o n t o t h e s k i l l s o f 
n e g o t i a t i o n w i t h s h o r e s u p p l i e r s . T h e s e c o n d a r y r o l e 
i n v o l v e s l o w l e v e l ' h e l p i n g ' a n d i n v o l v e s t e a m e f f o r t a t 
p e r f o r m i n g t h e m e n i a l f u n c t i o n s n e c e s s a r y f o r m a i n t a i n i n g a 
s a f e , c l e a n a n d t i d y v e s s e l . 
T h e C O M P L E X I T Y n u m b e r s d e r i v e d f r o m t h e o b s e r v a t i o n s 
o f t h e c a t e r i n g s u b - s y s t e m a r e s h o w n i n f i g u r e 5 . 2 7 . 
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COMPLEXITY 
F i g u r e 5.27 
The d i s t r i b u t i o n of c o m p l e x i t y numbers s u p p o r t s t h e 
argument t h a t t h e r e e x i s t s w i t h i n t h e h o t e l and c a t e r i n g 
s u b - s y s t e m two c l e a r l y d e f i n a b l e l e v e l s o f p e r f o r m a n c e . I t 
i s a r g u e d t h a t t h e f u n c t i o n s c o n t a i n e d w i t h i n t h e s e two 
b l o c k s c o u l d be a s s i g n e d to p r i m a r y and s e c o n d a r y r o l e 
o p e r a t o r s and a s s i s t i n t h e f o r m a t i o n of a c r e w o r g a n i z e d 
on m a t r i x p r i n c i p l e s . 
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5. RESULTS 
COMMUNICATION SUB-SYSTEM 
The f r e q u e n c y h i s t o g r a m s r e p r e s e n t i n g t h e 
d i s t r i b u t i o n s of DATA, THINGS & PEOPLE i n t e r a c t i o n s w i t h i n 
the c o m m u n i c a t i o n s u b - s y s t e m a r e shown on f i g u r e 5.28. A l l 
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P E O P L E 
The DATA r e s u l t s s e p a r a t e i n t o two f u n c t i o n a l 
p e r f o r m a n c e l e v e l s . The h i g h l e v e l g r o u p of f u n c t i o n s 
s u i t a b l e f o r a p r i m a r y o p e r a t o r a r e t h o s e c o n c e r n e d w i t h 
t h e a n a l y s i s of a v a i l a b l e c o m m u n i c a t i o n c h a n n e l s and t h e 
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i n n o v a t i v e use of c o m m u n i c a t i o n s y s t e m s dependent upon 
g e o g r a p h i c a l l o c a t i o n and the t y p e of d a t a t h a t i t i s 
r e q u i r e d to communicate. The l o w e r l e v e l group of f u n c t i o n s 
s u i t a b l e f o r p e r f o r m a n c e by p e r s o n s a c t i n g I n t h e i r 
s e c o n d a r y r o l e i s c o n c e r n e d w i t h m a i n t a i n i n g a l i s t e n i n g 
watch and r e c o r d i n g d e t a i l s of c o m m u n i c a t i o n s s u c h a s 
w e a t h e r r e p o r t s and n a v i g a t i o n a l w a r n i n g s . 
The THINGS component of t h e c o m m u n i c a t i o n f u n c t i o n s 
may a l s o be d i v i d e d i n t o two f u n c t i o n a l p e r f o r m a n c e l e v e l s . 
The l o w e s t or s e c o n d a r y group i n v o l v e s t h e m a n i p u l a t i o n and 
t e n d i n g of c o m m u n i c a t i o n s equipment. T h i s c o v e r s t h e 
s i m p l e , r o u t i n e o p e r a t i o n of s u c h equipment. The i n i t i a l 
' s e t t i n g up' and m a i n t e n a n c e o f s u c h equipment a r e 
o p e r a t i o n s w h i c h r e q u i r e t h e h i g h e s t l e v e l of THINGS 
i n t e r a c t i o n and a r e t h e r e f o r e t h e f u n c t i o n s w h i c h may be 
a s s i g n e d to a p r i m a r y r o l e o p e r a t o r . 
The PEOPLE I n t e r a c t i o n s r e v e a l o n l y a s i n g l e group of 
f u n c t i o n s w h i c h i t I s c l a i m e d a r e t h e p r e s e r v e of t h e 
p r i m a r y o p e r a t o r . The f u n c t i o n s c o n c e r n e d I n v o l v e t h e 
s u p e r v i s i o n of c o m m u n i c a t i o n c h a n n e l s and p r o c e d u r e s and 
the I m p a r t i n g of t r a i n i n g i n t h e c o r r e c t u s e o f the s u b -
s y s t e m components. 
The a r r a n g e m e n t of t h e COMPLEXITY numbers 
r e p r e s e n t i n g t h e c o m m u n i c a t i o n s s u b - s y s t e m , a s shown I n 
f i g u r e 5.29, d i s p l a y s two g r o u p s of f u n c t i o n s . A c c o r d i n g t o 
m a t r i x manning p r i n c i p l e s t h e s e may be a l l o t t e d t o p r i m a r y 
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and s e c o n d a r y r o l e o p e r a t o r s , the p r i m a r y r o l e o p e r a t o r 
p e r f o r m i n g t h o s e f u n c t i o n s w h i c h a r e complex and o t h e r 
o p e r a t o r s , a c t i n g i n t h e i r s e c o n d a r y r o l e s , p e r f o r m i n g the 
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COMPLEXITY 
F i g u r e 5.29 
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5. RESULTS 
MANAGEMENT & ADMINISTRATION SUB-SYSTEM 
The d i s t r i b u t i o n of the DATA, THINGS & PEOPLE r e s u l t s 
f o r t h e management & a d m i n i s t r a t i o n s u b - s y s t e m a r e shown i n 
f i g u r e 5.30. F o r t h i s s u b - s y s t e m , a s w i t h c a t e r i n g and 
com m u n i c a t i o n s , t h e t h r e e s h i p t y p e s d i s p l a y i d e n t i c a l 
h i s t o g r a m s . The i m m e d i a t e l y s t r i k i n g a s p e c t of f i g u r e 5.31 
i s t he s i n g l e THINGS f u n c t i o n w h i c h i s r e c o r d e d . T h i s i s 
be c a u s e t h i s s u b - s y s t e m d e a l s w i t h t h e management and t h e 
a d m i n i s t r a t i o n of PEOPLE and DATA. The s i n g l e THINGS 
i n t e r a c t i o n i n v o l v e s t h e m a i n t e n a n c e of s t o c k s of s p a r e 
p a r t s . A ' t e n d i n g * f u n c t i o n i s n e c e s s a r y t o e n s u r e t h a t the 
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The DATA f u n c t i o n s i n c l u d e a l a r g e number w h i c h a r e r a t e d 
a s r e q u i r i n g i n n o v a t i v e s k i l l s . T h e s e a r e n e c e s s a r y t o 
overcome the u n i q u e and f r e q u e n t l y c h a n g i n g m a n a g e r i a l and 
a d m i n i s t r a t i v e p r o b l e m s w h i c h o c c u r on board. T h e s e a r e 
h i g h l e v e l f u n c t i o n s and form a group w h i c h may be a s s i g n e d 
to a p r i m a r y r o l e o p e r a t o r . T h e r e i s an e l e m e n t of lower 
l e v e l f u n c t i o n s w h i c h c o m p r i s e t h e r e c o r d i n g of 
admi n i s t r i t a t i ve d a t a and w h i c h may be h a n d l e d by an 
o p e r a t o r p e r f o r m i n g i n a s e c o n d a r y r o l e . 
S i m i l a r l y t h e PEOPLE r e s u l t s d i s p l a y two f u n c t i o n a l 
groups of p e r f o r m a n c e . The lower l e v e l g r o u p i s s u i t a b l e 
f o r p e r s o n s to f u l f i l l w h i l s t a c t i n g i n t h e i r s e c o n d a r y 
r o l e s . T h e s e f u n c t i o n s i n c l u d e a s s i s t i n g w i t h t h e 
a d m i n i s t r a t i v e d u t i e s and i n f l u e n c i n g o t h e r s t o m a i n t a i n 
morale and m o t i v a t i o n . The h i g h e r l e v e l g r oup may be 
a s s i g n e d to an o f f i c e r whose p r i m a r y r o l e i n v o l v e s 
management and a d m i n i s t r a t i o n . T h e s e f u n c t i o n s I n v o l v e a 
l a r g e number w h i c h a r e of a s u p e r v i s o r y n a t u r e i n a d d i t i o n 
to some r e q u i r i n g n e g o t i a t i n g and m e n t o r i n g s k i l l s . 
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COMPLEXITY 
F i g u r e 5.31 
The d i s t r i b u t i o n of t h e COMPLEXITY numbers 
r e i n f o r c e s t h e c l a i m t h a t t h e f u n c t i o n s w i t h i n t h e 
management and a d m i n i s t r a t i o n s u b - s y s t e m may be s e p a r a t e d 
I n t o p r i m a r y and s e c o n d a r y r o l e f u n c t i o n s . 
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SAFETY & EMERGENCY SUB-SYSTEM 
A l l t h r e e s h i p t y p e s a g a i n d i s p l a y i d e n t i c a l 
d i s t r i b u t i o n s of DATA, THINGS & PEOPLE i n t e r a c t i o n s and 
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DATA T H I N G S P E O P L E 
SAFETY & EMERGENCY SUB-SYSTEM 
F i g u r e 5.32 
The DATA I n t e r a c t i o n s a r e s e e n t o f a l l i n t o two 
d i s t i n c t g r o u p s . The h i g h i n t e r a c t i o n l e v e l g r o u p w h i c h may 
form a s e t of p r i m a r y r o l e f u n c t i o n s c o n s i s t s of many 
i n n o v a t i v e f u n c t i o n s t o g e t h e r w i t h many a t t h e h i g h e s t 
l e v e l of ' s y n t h e s I s i n g ' . T h i s r e f l e c t s t h e n a t u r e of 
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emergency f u n c t i o n s w h i c h a r e u n i q u e and u n e x p e c t e d . T h e r e 
i s a lower i n t e r a c t i o n l e v e l w h i c h c o n s i s t s o f r e c o r d i n g 
s a f e t y and emergency i n f o r m a t i o n , i n s p e c t i o n s , d r i l l s e t c . 
and ' c o m p a r i s o n s * w h i c h i n v o l v e c h e c k i n g w h e t h e r s a f e t y 
s t a n d a r d s a r e b e i n g m a i n t a i n e d . 
The THINGS i n t e r a c t i o n s a g a i n a p p e a r to f a l l i n t o two 
f u n c t i o n a l p e r f o r m a n c e g r o u p i n g s . The h i g h l e v e l group 
which may form a c o r e of f u n c t i o n s f o r a p r i m a r y r o l e 
o p e r a t o r , c o n s i s t s of f u n c t i o n s w h i c h r e q u i r e a g r e a t d e a l 
of judgement i n t h e h a n d l i n g of equipment. They a l s o 
r e q u i r e t h e a b i l i t y t o r e p a i r m a c h i n e r y and equipment and 
r e s t o r e n o r m a l i t y i n t h e e v e n t of c r i s i s s i t u a t i o n s . The 
lower l e v e l f u n c t i o n s w h i c h may be p e r f o r m e d by o t h e r 
o p e r a t o r s a c t i n g i n a s e c o n d a r y r o l e c o n s i s t o f ' t e n d i n g ' 
and ' m a n i p u l a t i n g ' . T h e s e f u n c t i o n s i n v o l v e t h e r o u t i n e 
t e s t i n g and m a i n t e n a n c e of emergency equipment and t h e u s e 
of s u c h equipment, under s u p e r v i s i o n , d u r i n g an emergency. 
The d i s t r i b u t i o n of t h e PEOPLE f u n c t i o n s r e v e a l s a 
group of h i g h l e v e l f u n c t i o n s w h i c h i n v o l v e ' n e g o t i a t i n g ' 
and ' s u p e r v i s i n g ' . T h i s means t h a t t h e o p e r a t i v e s who 
p e r f o r m t h e s e f u n c t i o n s must be a b l e to l i a i s e w i t h o t h e r s 
to p r o duce s o l u t i o n s t o emergency s i t u a t i o n s . They must 
then s u p e r v i s e the c r e w i n e f f e c t i n g any c o r r e c t i v e a c t i o n s 
t h a t a r e needed. T h e r e i s a g roup of lower l e v e l f u n c t i o n s 
which i n v o l v e a s s i s t i n g i n e m e r g e n c i e s and t h e r e l a y i n g of 
i n f o r m a t i o n . T h e s e may form p a r t of t h e s e c o n d a r y r o l e s of 
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o f f i c e r s whose p r i m a r y r o l e s i n v o l v e o t h e r s u b - s y s t e m s 
w i t h i n t h e s h i p . 




1 2 3 4 5 6 7 9 9 ie 11 12 13 U 15 17 18 19 26 21 22 23 2A 
COHPLEUTY 
F i g u r e 5.33 
The d i s t r i b u t i o n of COMPLEXITY numbers, f i g u r e 5.34. 
f o r t h e s a f e t y and emergency s u b - s y s t e m show t h a t t h e r e i s 
a d e f i n i t e group of complex f u n c t i o n s whose p e r f o r m a n c e may 
be a l l o t t e d t o a p r i m a r y r o l e o p e r a t o r . 
T h e r e I s a s e c o n d group of l o w e r l e v e l f u n c t i o n s whose 
f u l f i l l m e n t may form p a r t o f o t h e r o f f i c e r s s e c o n d a r y 
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r o l e s . T h e r e a p p e a r s to be a t h i r d group of f u n c t i o n s a t 
t h e low c o m p l e x i t y end of the s c a l e . S i n c e t h e s e f u n c t i o n s 
a r e not complex and s a f e t y and emergency f u n c t i o n s a f f e c t 
a l l on board i t may be t h a t t h e s e f u n c t i o n s s h o u l d form 
p a r t of t h e r o l e of e v e r y p e r s o n a b o a r d . I n c l u d e d I n t h i s 
t h i r d group a r e s u c h f u n c t i o n s a s u s i n g DATA to compare th e 
s t a n d a r d of s a f e t y a b o a r d to t h a t w h i c h i s r e q u i r e d . A l s o 
t h e a b i l i t y t o u s e THINGS under s u p e r v i s i o n to f i g h t f i r e s , 
abandon s h i p o r p e r f o r m o t h e r emergency d u t i e s . The,-PEOPLE 
i n t e r a c t i o n of e x c h a n g i n g i n f o r m a t i o n i s n e c e s s a r y t o 
d i s s e m i n a t e s a f e t y a w a r e n e s s and a d v i s e of u n s a f e 
c o n d i t i o n s w h i c h a r e found to e x i s t a b o a r d t h e s h i p . 
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CONCLUSIONS FROM SECTION 5.3 
The r e s u l t s a s d e s c r i b e d i n s e c t i o n 5.3 r e i n f o r c e the 
f i n d i n g s from s e c t i o n s 5. 1 and 5.2 t h a t t h e t a n k e r s form a 
s p e c i a l group of s h i p s . The a n a l y s i s of t h e f u n c t i o n s i n 
terms of DATA, THINGS & PEOPLE d e m o n s t r a t e s t h a t human 
pe r f o r m a n c e a b o a r d t h e t a n k e r s i s d e m o n s t r a b l y h i g h e r than 
aboard t h e tramps or l i n e r s . T h i s i n c r e a s e d l e v e l of 
p e r f o r m a n c e a b o a r d t h e t a n k e r s I s s p e c i f i c a l l y w i t h i n t h e 
s u b - s y s t e m s of c a r g o and m a c h i n e r y . T h i s I s due i o t h e 
s i z e , s p e c i a l i z a t i o n and t e c h n i c a l c o m p l e x i t y of t h e 
m a c h i n e r y and equipment and t h e h a z a r d o u s , p o l l u t a n t n a t u r e 
of the c a r g o e s . The r e m a i n i n g f i v e s u b - s y s t e m s d i s p l a y no 
d i f f e r e n c e i n t h e l e v e l of p e r f o r m a n c e of t h e o p e r a t o r s 
a b o ard t h e d i f f e r e n t s h i p t y p e s . T h i s f i n d i n g m o d i f i e s t h e 
c l a i m made e a r l i e r t h a t t r a n s f e r of p e r s o n n e l from t r a m p s 
and l i n e r s t o t a n k e r s s h o u l d be c o n d i t i o n a l upon e x t r a 
t r a i n i n g . I t I s now c l a i m e d t h a t p e r s o n n e l may move f r e e l y 
between a l l s h i p t y p e s e x c e p t t h a t o f f i c e r s who h a v e 
p r i m a r y r o l e f u n c t i o n s w i t h i n t h e s u b - s y s t e m s o f c a r g o and 
m a c h i n e r y must r e c e i v e e x t r a t r a i n i n g b e f o r e a s s u m i n g s u c h 
r o l e s a b o a r d t a n k e r s . 
The r e s u l t s of t h i s s e c t i o n show t h e I m p o r t a n c e of 
DATA i n t e r a c t i o n s w i t h i n e v e r y s u b - s y s t e m o f a l l s h i p 
t y p e s . 
The r e s u l t s I l l u s t r a t e t h a t i t i s p o s s i b l e to 
s e p a r a t e t h e f u n c t i o n s of e a c h s u b - s y s t e m of a l l s h i p t y p e s 
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i n t o two a r e a s of f u n c t i o n a l p e r f o r m a n c e . T h i s s e p a r a t i o n 
i s a s s i s t e d by t h e i n t r o d u c t i o n of a COMPLEXITY number. The 
h i g h e r l e v e l f u n c t i o n s may then be a s s i g n e d t o p r i m a r y r o l e 
o p e r a t o r s and t h e lower l e v e l f u n c t i o n s may be a s s i g n e d t o 
o t h e r o p e r a t o r s f o r p e r f o r m a n c e i n t h e i r s e c o n d a r y r o l e 
c a p a c i t y . T h i s p o s s i b i l i t y o f c r e a t i n g two r o l e l e v e l s 
t h e r e f o r e s u p p o r t s the s u p p o s i t i o n o f H e r b s t <1974> and 
Smith & Roggema <1980a) who c l a i m t h a t m a t r i x manning may 
be i n t r o d u c e d a b o a r d a l l s h i p s b a s e d on t h e development of 
p r i m a r y and s e c o n d a r y r o l e o p e r a t o r s . 
F u r t h e r , t h e r e s u l t s i n d i c a t e t h a t , due to t h e 
s i m i l a r i t y of some of t h e h i s t o g r a m s , i t may be p o s s i b l e t o 
c l u s t e r s i m i l a r s u b - s y s t e m s t o g e t h e r t o p r o v i d e f u n c t i o n a l 
g r o u p i n g s s u i t a b l e f o r t h e autonomous work g r o u p s p r o p o s e d 
by H e r b s t <1974, pp . 5 5 - 5 7 ) . F o r example t h e c o m m u n i c a t i o n 
s u b - s y s t e m f u n c t i o n a l I n t e r a c t i o n s w i t h DATA, THINGS & 
PEOPLE a r e s i m i l a r to t h o s e of t h e n a v i g a t i o n s u b - s y s t e m . 
The f u n c t i o n s of t h e s e two s u b - s y s t e m s may be combined t o 
form a group of f u n c t i o n s f o r c o m p l e t i o n by a p r i m a r y r o l e 
o p e r a t o r s u p p o r t e d by one o r more s e c o n d a r y r o l e o p e r a t o r s . 
I t i s t h e r e f o r e a r g u e d t h a t t h e r e s u l t s of t h e 
o b s e r v a t i o n s r e g a r d i n g DATA, THINGS & PEOPLE s u p p o r t t h e 
p o s s i b i l i t y of o r g a n i z i n g t h e c r e w a c c o r d i n g t o m a t r i x 
mann i ng p r 1 n c 1 p 1 e s . 
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CONCLUSIONS TO CHAPTER 5 
I n t h i s c h a p t e r t h e d a t a g a t h e r e d d u r i n g the s e a 
voyages a r e examined and u s e d t o t e s t t h e t e c h n i c a l 
p o s s i b i l i t y of o r g a n i z i n g s h i p s ' c r e w s a c c o r d i n g to t h e 
m a t r i x manning s u g g e s t i o n s of, amongst o t h e r s , H e r b s t 
(1974) and S m i t h and Roggema <1980a). 
S e c t i o n 5.1 u s e s t h e d a t a t o examine t h e a s s u m p t i o n 
i m p l i c i t i n t h e works of H e r b s t and S m i t h & Roggema t h a t 
a l l s h i p s a r e f u n d a m e n t a l l y t h e same and may be crewed i n a 
u n i v e r s a l m a t r i x format. The r e s u l t s i n d i c a t e t h a t a l l 
s h i p s a r e not t e c h n i c a l l y s i m i l a r and f u r t h e r t h a t t h e r e 
a r e t h r e e d i s t i n g u i s h a b l e t e c h n i c a l c l a s s e s . T h e s e t h r e e 
c l a s s e s a r e ; 
1 . t a n k e r s 
2. tramps 
3. l i n e r s . 
T h e s e a r e a l s o t h e t h r e e economic g r o u p i n g s of s h i p 
t y p e s I d e n t i f i e c l by G i l m a n and Cox i n c h a p t e r 4. T h i s 
f u r t h e r s t r e s s e s t h e l i n k between t h e t e c h n i c a l and 
economic e n v i r o n m e n t s w h i c h was d e s c r i b e d i n c h a p t e r 2. 
The r e s u l t s i n d i c a t e t h a t f u n c t i o n a l p e r f o r m a n c e 
a b o a r d t h e t a n k e r s i s . of n e c e s s i t y . h i g h e r t h a n a b o a r d 
o t h e r s h i p s . F u r t h e r t h e r e s u l t s i n d i c a t e t h a t p e r s o n s 
i n v o l v e d w i t h t h e m a c h i n e r y o r c a r g o s u b - s y s t e m s s h o u l d 
r e c e i v e e x t r a t r a i n i n g b e f o r e t r a n s f e r r i n g f rom tramps o r 
l i n e r s to t a n k e r s . A c o r o l l a r y t o t h e s e r e s u l t s i s t h a t t h e 
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s y s t e m of competency t e s t i n g of s h i p s ' c r e w s i s i n need of 
r e f o r m and q u a l i f i c a t i o n s s h o u l d be b a s e d upon: 
1 . Cargo type 
2. S i z e of v e s s e l . 
S e c t i o n 5.2 u s e s t h e d a t a r e g a r d i n g t h e FREQUENCY, 
C R I T I C A L I T Y & D I F F I C U L T Y of p e r f o r m a n c e of t h e f u n c t i o n s 
i d e n t i f i e d i n c h a p t e r 3 and enumerated i n a p p e n d i x 2. The 
r e s u l t s i n d i c a t e t h a t f u n c t i o n s may be me a s u r e d f o r t h e i r 
S IGNIFICANCE to the s a f e o p e r a t i o n o f t h e v e s s e l . The 
measures of s i g n i f i c a n c e a r e s e e n to be s e p a r a b l e i n t o two 
gro u p s of f u n c t i o n s . The argument i s made t h a t f u n c t i o n s a t 
the h i g h e r l e v e l of s i g n i f i c a n c e may be a s s i g n e d t o a 
m a t r i x - t y p e p r i m a r y r o l e o f f i c e r . F u r t h e r , t h e f u n c t i o n s of 
lower s i g n i f i c a n c e may be s h a r e d amongst o t h e r o f f i c e r s 
a c t i n g i n t h e i r s e c o n d a r y r o l e s a c c o r d i n g t o m a t r i x 
p r i n c i p l e s . The r e s u l t s of t h i s s e c t i o n f u r t h e r s u p p o r t t h e 
emergence of t a n k e r s a s a group of s h i p s demanding h i g h e r 
f u n c t i o n a l p e r f ormance. 
S e c t i o n 5.3 u s e s t h e o b s e r v a t i o n s r e g a r d i n g the 
i n t e r a c t i o n s of f u n c t i o n p e r f o r m e r s w i t h DATA, THINGS & 
PEOPLE w h i l s t p e r f o r m i n g t h e n e c e s s a r y s h i p f u n c t i o n s . The 
r e s u l t s i n d i c a t e t h a t DATA h a n d l i n g i s t h e most i m p o r t a n t 
i n t e r a c t i o n i n a l l s h i p s u b - s y s t e m s . The r e s u l t s i n d i c a t e 
t h a t f u n c t i o n p e r f o r m a n c e may be measured i n t e r m s of t h e 
COMPLEXITY of t h e p e r f o r m e r s ' i n t e r a c t i o n s . The m e a s u r e s of 
c o m p l e x i t y a r e s e e n t o be s e p a r a b l e I n t o two g r o u p s of 
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f u n c t i o n s . The argument i s made t h a t t h e h i g h l y complex 
f u n c t i o n s may be a s s i g n e d , i n a m a t r i x s y s t e m , t o a p r i m a r y 
r o l e o p e r a t o r . The l e s s complex f u n c t i o n s may be s h a r e d 
amongst o t h e r o p e r a t o r s who a r e a c t i n g i n t h e i r s e c o n d a r y 
r o l e c a p a c i t i e s . The r e s u l t s o f t h i s s e c t i o n f u r t h e r 
s u p p o r t t h e t a n k e r s a s a s e p a r a t e group of s h i p s but, a s 
r e g a r d s t h e q u a l i t y of i n t e r a c t i o n s , t h e y a r e o n l y s e e n t o 
demand h i g h e r l e v e l s f o r p e r f o r m a n c e of f u n c t i o n s i n t h e 
c a r g o and m a c h i n e r y s u b - s y s t e m s . 
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The c o n c l u s i o n s t o t h i s t h e s i s a r e p r e s e n t e d i n t h r e e 
s e c t i o n s . S e c t i o n 6.1 draws t o g e t h e r t h e r e s u l t s of the 
p r e v i o u s c h a p t e r and promotes a ' r o l e a s s i g n m e n t diagram' 
formed by p l o t t i n g t h e m e a s u r e s of S I G N I F I C A N C E and 
COMPLEXITY on a graph. I t i s d e m o n s t r a t e d t h a t t h e m a j o r i t y 
of s h i p f u n c t i o n s a r e n e i t h e r s i g n i f i c a n t nor complex and 
may form t h e b a s i s o f s e c o n d a r y r o l e s . The r e m a i n i n g 
p r i m a r y r o l e a r e a s a r e d i s c u s s e d and shown to s u p p o r t t h e 
m a t r i x manning s y s t e m p r o p o s e d by H e r b s t and Moreby. I n 
p a r t i c u l a r the s k i l l s a l l o c a t i o n p r o p o s e d by H e r b s t i s s e e n 
to be sound and v e r i f i a b l e by t h e r e s u l t s of t h i s r e s e a r c h . 
S e c t i o n 6.2 d e s c r i b e s t h e f i n d i n g s of t h i s r e s i a a r c h a s t h e y 
a p p l y t o t h e the c o n c e p t of m a t r i x manning a b o a r d s h i p s . 
S e c t i o n 6.3 d e s c r i b e s t h e w i d e r i m p l i c a t i o n s of t h e 
r e s e a r c h r e s u l t s and t h e more g e n e r a l a p p l i c a b i l i t y of the 
d e v e l o p e d r e s e a r c h t o o l . 
Ph.D. T H E S I S Page 199 
6. CONCLUSIONS 
RESULTS OF COMBINED DATA 
The r e s u l t s of the d a t a r e g a r d i n g the FREQUENCY. 
C R I T I C A L I T Y & D I F F I C U L T Y of p e r f o r m i n g t h e v a r i o u s 
f u n c t i o n s a r e d e s c r i b e d i n s e c t i o n 5.2. T h e s e r e s u l t s show 
t h a t i t i s p o s s i b l e to d i s t i n g u i s h between two l e v e l s of 
p e r f o r m a n c e a b o a r d s h i p . I t i s c l a i m e d t h a t t h e f u n c t i o n s 
demanding t h e h i g h e s t l e v e l of p e r f o r m a n c e a r e t h e most 
SIGNIFICANT f u n c t i o n s . I t I s a r g u e d t h a t t h e s e f u n c t i o n s 
may be a s s i g n e d to o p e r a t o r s a s t h e i r p r i m a r y r o l e 
f u n c t i o n s . The r e m a i n i n g f u n c t i o n s a r e c o n s i d e r e d l e s s 
s i g n i f i c a n t and may be a s s i g n e d t o o p e r a t o r s a c t i n g i n 
t h e i r s e c o n d a r y r o l e c a p a c i t i e s . I t i s i m p o r t a n t t o n o t e 
t h a t r a t i n g s of FREQUENCY, C R I T I C A L I T Y & D I F F I C U L T Y a r e a l l 
dependent on t h e s h i p and i t s c a r g o and a r e not dependent 
on t h e p e r s o n s or equipment f u l f i l l i n g the f u n c t i o n s . The 
d i s t r i b u t i o n of t h e S I G N I F I C A N C E numbers of a l l t h e s h i p 
s u b - s y s t e m s summed t o g e t h e r i s shown i n f i g u r e 6.1. 
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From t h i s f i g u r e i t i s a p p a r e n t t h a t t h e m a j o r i t y o f 
f u n c t i o n s a r e towards the lower end of t h e s i g n i f i c a n c e 
s c a l e and t h a t t h e r e a r e few f u n c t i o n s which a r e 
s i g n i f i c a n t enough to w a r r a n t a l l o c a t i o n t o an o p e r a t o r a s 
p r i m a r y r o l e f u n c t i o n s . 
The r e s u l t s of t h e o b s e r v a t i o n s r e g a r d i n g t h e 
i n t e r a c t i o n s between the f u n c t i o n p e r f o r m e r and DATA, 
THINGS & PEOPLE a r e d e s c r i b e d i n s e c t i o n 5.3. T h e s e r e s u l t s 
show t h a t i t i s p o s s i b l e t o d i s t i n g u i s h between t w o . - l e v e l s 
of p e r f o r m a n c e a b o a r d s h i p . I t i s c l a i m e d t h a t t h e 
f u n c t i o n s demanding t h e h i g h e s t l e v e l of p e r f o r m a n c e a r e 
the most COMPLEX f u n c t i o n s . I t i s a r g u e d t h a t t h e s e 
f u n c t i o n s may be a s s i g n e d to o p e r a t o r s a s t h e i r p r i m a r y 
r o l e f u n c t i o n s . The r e m a i n i n g f u n c t i o n s a r e c o n s i d e r e d l e s s 
complex and may be a s s i g n e d t o o p e r a t o r s a c t i n g i n t h e i r 
s e c o n d a r y r o l e c a p a c i t i e s . I t I s i m p o r t a n t t o n o t e t h a t 
r a t i n g s of DATA. THINGS & PEOPLE a r e a l l dependent on t h e 
pe r f o r m a n c e o f t h e s e a f a r e r and i n o n l y two c a s e s a r e 
I n f l u e n c e d by t h e t y p e of s h i p o r c a r g o I n v o l v e d . T h e 
d i s t r i b u t i o n of COMPLEXITY numbers f o r a l l s h i p s u b - s y s t e m s 
i s g i v e n a s f i g u r e 6.2 
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The argument produced h e r e i s t h a t a f u n c t i o n must be 
a b l e t o be r e p r e s e n t e d on a d i a g r a m w h i c h h a s a s i t s a x e s 
t h e SIGNIFICANCE and COMPLEXITY numbers. Any f u n c t i o n must 
t h e r e f o r e be l o c a t e d i n one of f o u r q u a d r a n t s a s shown i n 





& NOT COMPLEX 
HIGHLY COMPLEX 
& S I G N I F I C A N T 
S I G N I F I C A N T 
BUT NOT COMPLEX 
SIG N I F I C A N C E 
F i g u r e 6.3 
T h i s f i g u r e i s termed t h e "ROLE ASSIGNMENT DIAGRAM" 
and may be used t o a s s i g n f u n c t i o n s t o p r i m a r y and 
s e c o n d a r y o p e r a t o r s a s f o l l o w s : 
FUNCTION HIGHLY COMPLEX & S I G N I F I C A N T 
The f u n c t i o n s i n t h i s q u a d r a n t a r e b o t h S I G N I F I C A N T 
to t h e s a f e o p e r a t i o n o f t h e s h i p and a r e COMPLEX f o r t h e 
o p e r a t o r to perform. T h e s e f u n c t i o n s t h e r e f o r e s h o u l d be 
a s s i g n e d t o an o p e r a t o r a s p r i m a r y r o l e f u n c t i o n s . 
C o l l i s i o n a v o i d a n c e i s an example of a f u n c t i o n w h i c h i s 
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l o c a t e d i n t h i s a r e a . C o l l i s i o n a v o i d a n c e i s complex 
b e c a u s e i t i n v o l v e s t h e knowledge and u s e of r e g u l a t i o n s 
and the knowledge and a b i l i t y t o manoeuvre a s h i p and i t i s 
s i g n i f i c a n t b e c a u s e i f not c a r r i e d out c o r r e c t l y i t c o u l d 
r e s u l t i n a c a t a s t r o p h e . 
FUNCTION HIGHLY COMPLEX BUT L E S S S I G N I F I C A N T 
The f u n c t i o n s i n t h i s q u a d r a n t w h i l e COMPLEX f o r t h e 
o p e r a t o r t o p e r f o r m a r e c o n s i d e r e d l e s s S I G N I F I C A N T to t h e 
s a f e o p e r a t i o n of t h e v e s s e l . The t r a i n i n g of J u n i o r 
o p e r a t o r s i s a f u n c t i o n w h i c h i s l o c a t e d i n t h i s q u a d r a n t . 
T r a i n i n g i s , when u n d e r t a k e n p r o p e r l y , a complex and 
demanding t a s k but does not a p p e a r t o have any immediate 
e f f e c t on t h e s a f e o p e r a t i o n o f t h e v e s s e l . I t i s p o s s i b l e 
t h a t s u c h f u n c t i o n s a r e d i s r e g a r d e d and not p e r f o r m e d o r , 
a t b e s t , a r e performed i n a p e r f u n c t o r y manner. F u n c t i o n s 
i n t h i s s e c t o r may t h e r e f o r e be a s s i g n e d t o a s p e c i a l i s t 
who h a s the n e c e s s a r y a b i l i t y t o h a n d l e t h e c o m p l e x i t y of 
the o p e r a t i o n but c a r e s h o u l d be t a k e n t o e n s u r e t h a t t h e 
f u n c t i o n i s a c t u a l l y p e r f o r m e d and t h a t t h e p e r f o r m a n c e i s 
s a t i s f a c t o r y . 
FUNCTION SIGNIFICANT BUT NOT COMPLEX 
The f u n c t i o n s i n t h i s q u a d r a n t w h i l e S I G N I F I C A N T to 
the s a f e o p e r a t i o n of t h e v e s s e l a r e not c o n s i d e r e d COMPLEX 
f o r the o p e r a t o r t o perf o r m . An example of s u c h a f u n c t i o n 
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i s the m a i n t e n a n c e of a b r i d g e l o o k o u t . The f u n c t i o n i s not 
complex b e c a u s e i t s i m p l y i n v o l v e s an o p e r a t o r r e m a i n i n g 
awake and r e a s o n a b l y a l e r t . However i t i s e x t r e m e l y 
s i g n i f i c a n t b e c a u s e i f p e r f o r m e d i n a d e q u a t e l y or not 
performed a t a l l t h e r e i s a l i k e l i h o o d t h a t a s h i p c o u l d 
run aground o r s t r i k e a n o t h e r s h i p o r f l o a t i n g o b j e c t . I t 
may be c o n s i d e r e d t h a t f u n c t i o n s i n t h i s q u a d r a n t a r e 
a s s i g n e d to o p e r a t o r s a s p r i m a r y t a s k s due to t h e i r 
s i g n i f i c a n c e . However t h e l a c k of c o m p l e x i t y may l e a d a 
p r i m a r y o p e r a t o r to p e r f o r m I n a d e q u a t e l y and a p p l y h i s 
s k i l l s to more c h a l l e n g i n g f u n c t i o n s . A l t e r n a t i v e l y i t may 
be a r g u e d t h a t t h e s e f u n c t i o n s a r e a s s i g n e d t o o p e r a t o r s a s 
s e c o n d a r y r o l e f u n c t i o n s . I n t h i s c a s e t h e o p e r a t o r may 
p e r c e i v e the f u n c t i o n a s I n s i g n i f i c a n t and n o t p e r f o r m to 
the b e s t of h i s a b i l i t i e s . I t may be f u r t h e r a r g u e d t h a t 
t h e s e f u n c t i o n s s h o u l d be t h e s u b j e c t of a programme of 
a u t o m a t i o n i n o r d e r to remove t h e 'human f a c t o r s ' of 
boredom, i n a t t e n t i o n and m i s p e r c e p t I o n . The a u t h o r a r g u e s 
t h a t no u n i v e r s a l r u l e a p p l i e s and t h a t e a c h f u n c t i o n 
s h o u l d be examined w i t h i n t h e c o n t e x t of t h e s h i p t y p e and 
s u b - s y s t e m to w h i c h I t b e l o n g s and u n i q u e s o l u t i o n s 
a p p l i e d . I t i s an i m p o r t a n t r e s u l t of t h i s r e s e a r c h t o 
have d e t e r m i n e d t h a t t h e r e e x i s t s a group o f f u n c t i o n s 
whose r o l e a s s i g n m e n t I s c o n t e n t i o u s . The a n a l y s i s of 
f u n c t i o n s I n t h i s q u a d r a n t r e q u i r e s e x a m i n a t i o n i n g r e a t e r 
depth. 
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FUNCTION LES S SIGNIFICANT AND NOT COMPLEX 
The f u n c t i o n s w h i c h b e l o n g i n t h i s q u a d r a n t a r e 
c o n s i d e r e d l e s s S IGNIFICANT t o t h e s a f e o p e r a t i o n of the 
s h i p and a r e not c o n s i d e r e d a s COMPLEX f o r t h e o p e r a t o r to 
perform. I t i s a r g u e d t h e r e f o r e t h a t t h e s e f u n c t i o n s may be 
a s s i g n e d to o p e r a t o r s f o r p e r f o r m a n c e w h i l e a c t i n g i n t h e i r 
s e c o n d a r y r o l e c a p a c i t i e s . T h e r e a r e many e x a m p l e s of s u c h 
f u n c t i o n s . One example i s t h e m a i n t e n a n c e of s t a n d a r d s of 
accommodation c l e a n l i n e s s . The f u n c t i o n i s n o t complex 
i n v o l v i n g , a s i t does, c o m p a r i n g t h e c l e a n l i n e s s of t h e 
accommodation t o t h e s t a n d a r d r e q u i r e d and i f an e r r o r 
e x i s t s t hen c o r r e c t i n g i t by t h e u s e of s i m p l e t o o l s . I f 
t h i s f u n c t i o n i s not f u l f i l l e d however t h e r e s u l t w i l l 
c a u s e no more than annoyance and w i l l not m a t e r i a l l y a f f e c t 
s h i p s a f e t y . 
The SIGNIFICANCE numbers and COMPLEXITY numbers 
c a l c u l a t e d d u r i n g t h i s r e s e a r c h a r e p l o t t e d on f i g u r e 6.4. 
T h i s f i g u r e i l l u s t r a t e s t h a t t h e v a s t m a j o r i t y o f f u n c t i o n s 
( 8 1 % ) a r e both i n s i g n i f i c a n t and not complex. T h i s means 
t h a t t h e y may be s u i t a b l e f o r o p e r a t o r s to p e r f o r m i n 
t h e i r s e c o n d a r y r o l e c a p a c i t i e s . The f u n c t i o n s w h i c h emerge 
a s both complex and s i g n i f i c a n t a r e a m i n o r i t y <4%). 
F u n c t i o n s i n t h i s q u a d r a n t a r e from t h e n a v i g a t i o n s u b -
s y s t e m or t h e s a f e t y s u b - s y t e m . T h i s f i n d i n g s u p p o r t s t h e 
t r a d i t i o n a l r o l e of t h e m a s t e r a s s e n i o r n a v i g a t o r and 
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commander of emergency s i t u a t i o n s . I t a p p e a r s t h a t u l t i m a t e 
command of a s h i p may c o n t i n u e , i n t h e f u t u r e , t o l i e w i t h 
an o p e r a t o r who has s p e c i a l i s t n a v i g a t i o n and s a f e t y s u b -
s y s t e m s k i l l s . The f u n c t i o n s w h i c h a r e r a t e d a s complex but 
i n s i g n i f i c a n t amount t o 7% of t h e t o t a l f u n c t i o n s and a r e 
p r e d o m i n a n t l y c a r g o and a d m i n i s t r a t i v e f u n c t i o n s . The 
qu a d r a n t w h i c h c o n t a i n s t h e f u n c t i o n s w h i c h a r e s i g n i f i c a n t 
but not complex i n v o l v e s &% o f t h e t o t a l f u n c t i o n s and 
c o m p r i s e s p r e d o m i n a n t l y n a v i g a t i o n a l and m a c h i n e r y 
f unc t i o n s . 
H e r b s t <1974, p.57) d i s c u s s i n g f u t u r e m a t r i x manning 
s y s t e m s s u g g e s t e d by Moreby a r r i v e s a t an o r g a n i z a t i o n 
c o m p r i s i n g c o m p o s i t e r o l e s b a s e d on c e r t a i n s k i l l s b e i n g 
h e l d by s p e c i a l i s t s . He e n t i t l e s h i s s p e c i a l i s t s • X' , ' Y* 
and*Z' and a l l o c a t e s t h e s k i l l s a s f o l l o w s : 
A d m i n i s t r a t i o n 
M a i n t e n a n c e 
C a r g o h a n d 1 i ng 
N a v i g a t i o n 
Computer u s e 
Da t a h a n d l I n g 
C o m m u n i c a t I o n s 
Z 
Machine 
E l e c t r o n i c 
E l e c t r i c a l 
B a s e d on f i g u r e 5.38 i t i s p o s s i b l e , a s d e s c r i b e d 
above to s e l e c t t h r e e d e f i n i t e s p e c i a l i s t o r p r i m a r y a r e a s . 
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These a r e : 
1. N a v i g a t i o n and S a f e t y & Emergency 
2. Cargo and Management & A d m i n i s t r a t i o n 
3. Machinery. 
Two o t h e r s p e c i a l i s t s k i l l s emerge from f i g u r e 5.38. 
They a r e f u n c t i o n s from t h e c o m m u n i c a t i o n s u b - s y s t e m and 
f u n c t i o n s from t h e h o t e l & c a t e r i n g s u b - s y s t e m . The 
f u n c t i o n s of t h e c o m m u n i c a t i o n s y s t e m a r e s i m i l a r 
q u a l i t a t i v e l y to t h o s e of t h e n a v i g a t i o n s y s t e m a s 
d e s c r i b e d i n s e c t i o n 5.3. The f u n c t i o n s of t h e h o t e l & 
c a t e r i n g s y s t e m a r e s i m i l a r t o t h o s e of t h e management and 
a d m i n i s t r a t i o n system, both i n v o l v i n g h i g h DATA and PEOPLE 
I n t e r a c t i o n s . I t t h e r e f o r e a p p e a r s p o s s i b l e t o s u p p o r t t h e 
c o m p o s i t e r o l e s of H e r b s t and Moreby and to r e d e f i n e t h e 
s k i l l s of 'X', 'Y' and '2' a s f o l l o w s : 
X Y 2 
A d m i n i s t r a t i o n N a v i g a t i o n M a c h i n e r y 
C a r g o S a f e t y & Emergency 
H o t e l & C a t e r i n g C o m m u n i c a t i o n s . 
I t i s f i n a l l y a r g u e d t h a t t h e c o m b i n a t i o n of r e s u l t s 
which r a t e d t h e f u n c t i o n s i n t e r m s o f SIG N I F I C A N C E t o s a f e 
s h i p o p e r a t i o n s and COMPLEXITY of i n t e r a c t i o n s between 
f u n c t i o n a l o p e r a t o r s and DATA, THINGS & PEOPLE y i e l d s t h e 
f o l l o w i n g p o i n t s : 
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1. T h e r e a r e two d i s t i n g u i s h a b l e l e v e l s of p e r f o r m a n c e 
a b o a r d s h i p s w h i c h may l e a d t o t h e a l l o c a t i o n of p r i m a r y 
and s e c o n d a r y r o l e f u n c t i o n s . 
2. R o l e a l l o c a t i o n i s a s s i s t e d by t h e ' R o l e a s s i g n m e n t 
diagram'. T h i s d i a g r a m i s s e e n a s u s e f u l i n d e t e r m i n i n g 
f u n c t i o n s where r o l e a l l o c a t i o n p o s e s p a r t i c u l a r problems. 
3. The p o s s i b i l i t y of a s s i g n i n g p r i m a r y and s e c o n d a r y 
r o l e s p e r m i t s t h e p o s s i b i l i t y o f o r g a n i z i n g c r e w s on a 
m a t r i x p r i n c i p l e a s d e s c r i b e d by H e r b s t . 
4. The s u g g e s t e d s p e c i a l i s t s k i l l s c l u s t e r i n g p r o p o s e d by 
H e r b s t and Moreby i s s e e n to be c o n s i s t e n t w i t h t h e r e s u l t s 
of t h i s r e s e a r c h . 
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6.2 CONCLUSIONS ON MATRIX MANNING 
T h i s t h e s i s e x a m i n e s t h e e n v i r o n m e n t s i n f l u e n c i n g t h e 
s h i p p i n g i n d u s t r y . As a r e s u l t of t h i s e x a m i n a t i o n i t i s 
s u g g e s t e d t h a t i n o r d e r t o s u r v i v e i n a h o s t i l e economic 
environment, v o l a t i l e t e c h n i c a l e n v i r o n m e n t , a d v a n c i n g 
s o c i a l e n v i r o n m e n t , and c o n t r o l l i n g l e g a l e n v i r o n m e n t t h e 
o r g a n i z a t i o n of manpower a b o a r d s h i p s must change. From t h e 
e x t e n s i v e l i t e r a t u r e a v a i l a b l e r e g a r d i n g t h e s o c i a l 
s t r u c t u r e of s h i p s * c r e w s , t h e c o n c e p t of m a t r i x manning 
emerges a s a p o s s i b l e s o l u t i o n t o t h e e n v i r o n m e n t a l l y 
i n d u c e d problem. The work of H e r b s t ( 1 9 7 4 ) and S m i t h & 
Roggema (1980a> i n p a r t i c u l a r a r e drawn upon a s t h e y 
d e s c r i b e i n d e t a i l t h e i r c o n c e p t s o f m a t r i x manning 
s t r u c t u r e s . 
I t i s shown i n c h a p t e r 2 how, t o be e f f e c t i v e , any 
i n n o v a t i v e manning s t r u c t u r e must r e p r e s e n t improvements i n 
f i ve a r e a s : 
1. Crew s t a b i l i t y 
2. A l l o c a t i o n of t a s k s between s h i p and s h o r e 
3. Improvement i n work p l a n n i n g 
4. Improvemnet I n j o b c o n t e n t of r a t i n g s 
5. Development of s h i p b o a r d t r a i n i n g . 
The work o f H e r b s t <1974> and S m i t h & Roggema 
<1979aab, I980aab> p r e s e n t t h e d e t a i l e d arguments f o r 
m a t r i x manning l e a d i n g t o improvements i n t h e s e f i v e a r e a s . 
However a l l p r e v i o u s a u t h o r s have assumed t h a t a l l s h i p s 
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a r e t e c h n i c a l l y s i m i l a r and may be c r e w e d i n a g e n e r a l 
m a t r i x format. T h i s t h e s i s e x a m i n es t h e t e c h n i c a l and 
o p e r a t i o n a l a s p e c t s of t e n s h i p s i n o r d e r t o d e t e r m i n e i f 
m a t r i x manning i s v i a b l e . 
The s h i p s a r e s e e n to s e p a r a t e i n t o t h r e e d i s t i n c t 
g r o ups d e p e n d i n g upon t h e r i s k s w h i c h t h e y pose to human 
l i f e , t h e p h y s i c a l e n v i r o n m e n t and t h e f i n a n c e s y s t e m . The 
f u n c t i o n s p e r f o r m e d a b o a r d t h e s e t h r e e g r o u p s o f s h i p s a r e 
then examined to d e t e r m i n e i f i t i s p o s s i b l e t o a L l o c a t e 
p r i m a r y and s e c o n d a r y r o l e f u n c t i o n s to s h i p s ' o f f i c e r s 
a c c o r d i n g to t h e m a t r i x manning p r i n c i p l e . I t i s shown how, 
u s i n g m e a s u r e s of S I G N I F I C A N C E and COMPLEXITY, i t i s 
p o s s i b l e to s e p a r a t e t h e f u n c t i o n s i n t o t h o s e r e q u i r i n g 
p e r f o r m a n c e by a p r i m a r y r o l e o f f i c e r and t h o s e w h i c h may 
be a l l o c a t e d t o an o f f i c e r a c t i n g i n h i s s e c o n d a r y r o l e 
c a p a c i t y . I t i s f u r t h e r , shown t h a t by u s i n g a ' r o l e 
a l l o c a t i o n d iagram' i t i s p o s s i b l e to c l u s t e r t h e f u n c t i o n s 
i n a c o h e r e n t and u n i q u e manner t o meet t h e r e q u i r e m e n t s of 
a p a r t i c u l a r s h i p . 
T h i s t h e s i s t h e r e f o r e e x a m i n e s t h e complex l i n k 
between c r e w and s h i p , b o t h o p e r a t i n g i n dynamic and 
h o s t i l e e n v i r o n m e n t s , to d e t e r m i n e t h e t e c h n i c a l and 
o p e r a t i o n a l v a l i d i t y o f m a t r i x manning. I t i s a r g u e d t h a t , 
a f t e r a thorough e x a m i n a t i o n of t h e f u n c t i o n s o b s e r v e d to 
be performed a b o a r d t h e s a m p l e s h i p s , i t i s p o s s i b l e to 
r e o r g a n i z e s h i p s ' c r e w s on m a t r i x manning p r i n c i p l e s . 
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CONCLUSIONS REGARDING GENERAL A P P L I C A B I L I T Y 
The r e s e a r c h c u l m i n a t i n g i n t h i s t h e s i s c o n c e n t r a t e s 
on the B r i t i s h merchant f l e e t . However t h e r e i s no r e a s o n 
why any i n d u s t r i a l s y s t e m s h o u l d not b e n e f i t from manpower 
a n a l y s i s a s d e v e l o p e d and d e s c r i b e d i n c h a p t e r 3. I n 
p a r t i c u l a r the p r o d u c t i o n of a ' r o l e a l l o c a t i o n diagram' 
e n a b l e s a manpower p l a n n e r t o d e t e c t and i s o l a t e f u n c t i o n s 
which need s p e c i a l i s t a t t e n t i o n . E v e n more i m p o r t a n t l y 
t h o s e f u n c t i o n s w h i c h may pose p r o b l e m s due to t h e i r 
r e q u i r i n g low c o m p l e x i t y s k i l l s but whose i n c o m p e t e n t 
p e r f o r m a n c e may l e a d t o c a t a s t r o p h e may be d e t e c t e d and 
coped w i t h . 
The r o l e a l l o c a t i o n d i a g r a m i s s e e n t o h a v e a d e e p e r 
c o n c e p t u a l s i g n i f i c a n c e . I n t h e l i t e r a t u r e r e v i e w , c h a p t e r 
2, i t i s shown t h a t many a u t h o r s have d e t e c t e d and 
d e s c r i b e d d e c i s i o n bands <Paterson>, f u n c t i o n a l l e v e l s 
CRasmussen), time s p a n c r i t e r i a ( J a c q u e s ) . E a c h o f t h e s e i s 
examined and i s shown to be c o n s i s t e n t w i t h p r e s e n t s h i p 
manning l e v e l s . However e a c h of t h e s e d e s c r i b e s a one 
d i m e n s i o n a l , l i n e a r p r o g r e s s i o n from ' u n s k i l l e d ' t o 
'managing d i r e c t o r ' . E x a m i n a t i o n of t h e r o l e a l l o c a t i o n 
d i a g r a m d i s p l a y s e a c h of t h e s e p r e v i o u s s c a l e s a s 
i n c o m p l e t e . Worker p o s i t i o n s a r e now s e e n a s two 
d i m e n s i o n a l i n v o l v i n g : 
1. THE WORK DIMENSION. T h i s i n v o l v e s m e a s u r i n g t h e 
SIGNIFICANCE of t h e f u n c t i o n s performed. A r e t h e y f r e q u e n t , 
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c r i t i c a l to the t o t a l o p e r a t i o n , do they r e q u i r e e x p e r i e n c e 
or s p e c i a l i z e d knowledge ? 
2. THE WORKER DIMENSION. T h i s i n v o l v e s e x a m i n i n g t h e 
f u n c t i o n s to d e t e r m i n e t h e COMPLEXITY of s k i l l s r e q u i r e d of 
an o p e r a t o r . 
T h i s means t h a t t h e r o l e a l l o c a t i o n d i a g r a m may now 
be redrawn i n an a b s t r a c t form t o i l l u s t r a t e t h e d i f f e r e n t 
l e v e l s of PERFORMANCE r e q u i r e d i n o r d e r t o o p e r a t e any 
syst e m . F i g u r e 6.5 i l l u s t r a t e s t h e f o l l o w i n g p o i n t s : 
1. A u t h o r s s u c h a s S i n g l e t o n ( 1 9 7 8 ) examine t h e s k i l l s of 
w o r k e r s i n a manner w h i c h c o n c e n t r a t e s on t h e COMPLEXITY of 
PERFORMANCE. A 'manager' i s s e e n t o have h i g h DATA l e v e l s 
t o g e t h e r w i t h h i g h PEOPLE i n t e r a c t i o n s p r o d u c i n g a h i g h 
COMPLEXITY, j o b . 
2. A u t h o r s s u c h a s Rasmussen <1985> r e g a r d t h e 
SIGNIFICANCE of PERFORMANCE o f f u n c t i o n s to the whole 
s y s t e m o p e r a t i o n . A 'manager' I s s e e n t o c o n t r o l c r i t i c a l 
o p e r a t i o n s w h i c h r e q u i r e a l a r g e amount s y s t e m knowledge. 
.3. P e t e r s o n ' s p r o g r e s s i o n t a k e s i n t o c o n s i d e r a t i o n both 
COMPLEXITY o f f u n c t i o n s and t h e i r S I G N I F I C A N C E to t h e 
s y s t e m a s a whole. However, i m p l i c i t i n P e t e r s o n ' s s c a l e I s 
l l n e e r l t y of p r o g r e s s i o n from ' u n s k i l l e d ' t o ' c h a i r m e n ' . 
4. E a c h of t h e above l i n e e r p r o g r e s s i o n s essumes a 
h i e r a r c h y of p o s i t i o n s . 





(vork) I n c r e a s i n g s i g n i f i c a n c e 
of performance to 
t o t a l system 
I n c r e a s i n g performance 
and l e v e l s of 
d e c i s i o n 








P h y s i c a l 
I n c r e a s i n g c o m p l e x i t y of 
of operator performance 
SINGLETON 
F i g u r e 6,5 
COMPLEXITY 
(Depends on vorker) 
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The p r o p o s i t i o n promoted a s a r e s u l t of t h i s t h e s i s 
i s t h a t PERFORr4ANCE may be s e e n t o i n c r e a s e i n an 




Highly s k i l l e d and 
t r a i n e d s p e c i a l i s t 
PRIMARY ROLE 





• I PRIMARY ROLE 
D e d i c a t e d worker 
U n t r a i n e d and 
u n s k i l l e d 
F i g u r e 6 . 6 
COMPLEXITY 
(Depends on vorker) 
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T h i s f i g u r e shows t h a t an i n i t i a l e n t r a n t to an 
i n d u s t r i a l s y s t e m i s u n t r a i n e d and u n s k i l l e d . P r o g r e s s i o n 
i s made toward s f u l f i l l i n g a v a r i e t y of ' s e c o n d a r y r o l e s * . 
Advancement to p r i m a r y r o l e f u n c t i o n f u l f i l l m e n t i s a 
c o m b i n a t i o n of both t h e a b i l i t y t o accommodate the 
COMPLEXITY of h i g h e r f u n c t i o n s p l u s t h e a c c e p t a n c e of t h e 
SIGNIFICANCE of s u c h f u n c t i o n s . T h e r e e x i s t d i v e r g e n t 
advancements w h i c h may v a r i o u s l y a p p e a l to d i f f e r e n t 
i n d i v i d u a l p e r f o r m e r s . I n c r e a s e d p e r f o r m a n c e , and what F i n e 
e t a l . <1974b> r e f e r t o a s "worker growth', may be a c h i e v e d 
by o p e r a t o r s c o n c e n t r a t i n g on f u n c t i o n s w h i c h w h i l e not 
i m m e d i a t e l y s i g n i f i c a n t t o t h e t o t a l s y s t e m n e v e r t h e l e s s 
r e q u i r e complex p e r f o r m a n c e . A l t e r n a t i v e l y advancement may 
be a c h i e v e d by p e r f o r m i n g f u n c t i o n s w i c h a r e s i g n i f i c a n t t o 
the t o t a l s y s t e m but w h i c h do n o t demand complex s k i l l s . 
One r e s u l t of t h i s a p p r o a c h i s t h a t t h e r i g i d 
h i e r a r c h i e s o f i n d u s t r y may be a b o l i s h e d . T h e i r r e p l a c e m e n t 
may be by work g r o u p s c o n s i s t i n g o f a p r i m a r y o p e r a t o r 
a s s i s t e d by s e c o n d a r y r o l e o p e r a t o r s c a p a b l e o f 
a c c o m p l i s h i n g f u n c t i o n s a c r o s s t h e e n t i r e two d i m e n s i o n a l 
w o r k s p a c e of t h e p e r f o r m a n c e d i a g r a m . 
AREAS FOR FURTHER RESEARCH 
T h i s t h e s i s d e m o n s t r a t e s t h e t e c h n i c a l and 
o p e r a t i o n a l p o s s i b i l i t y of i m p l e m e n t i n g m a t r i x manning 
aboard B r i t i s h merchant v e s s e l s . I n o r d e r f u l l y t o examine 
th e p o t e n t i a l of s u c h a manning s y s t e m t h e s o c i a l 
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i m p l i c a t i o n s d e s c r i b e d i n t h e l i t e r a t u r e r e v i e w , c h a p t e r 2, 
need t o be r e s e a r c h e d . O b s e r v a t i o n s a b o a r d s m a l l tramp 
s h i p s engaged i n the c o a s t a l t r a d e s have shown t h a t manning 
s y s t e m s p r o x i m a t e t o m a t r i x manning a r e emerging. T h e s e 
s h i p s may p r o v i d e a f e r t i l e ground f o r s o c i a l r e s e a r c h i n t o 
the c o n c e p t of m a t r i x manning. 
I t i s f e l t by t h e a u t h o r t h a t t h e c o n c e p t u a l 
framework o f the p e r f o r m a n c e d i a g r a m d e s e r v e s f u r t h e r 
r e s e a r c h e f f o r t t o produce a c o h e s i v e f u n c t i o n a l . s k i l l s 
t h e o r y . I n o r d e r to p u r s u e t h i s p a r a d i g m i t may be 
n e c e s s a r y t o examine c o m p l e x i t y and s i g n i f i c a n c e of 
f u n c t i o n s i n s e v e r a l d i v e r s e i n d u s t r i a l u n i t s . 
F i n a l l y t h e w e a l t h o f d a t a a c c u m u l a t e d d u r i n g t h e 
r e s e a r c h programme may be u s e f u l l y employed to p u r s u e 
r e s e a r c h i n t o many a s p e c t s of t h e s h i p p i n g i n d u s t r y . D a t a 
e x i s t f o r r e s u l t s t o be e x t r a c t e d r e g a r d i n g : 
1. t h e t r a i n i n g of s e a f a r e r s . F o r example, f u n c t i o n s 
which a r e p e r f o r m e d f r e q u e n t l y and whose c r l t i c a l i t y i s low 
may be l e a r n e d aboard. However f u n c t i o n s w h i c h a r e 
e x t r e m e l y c r i t i c a l and not f r e q u e n t l y p e r f o r m e d may b e s t 
be l e a r n e d by s i m u l a t o r t r a i n i n g away from t h e s h i p . 
2. t h e q u a l i f i c a t i o n s of s e a f a r e r s . As d e s c r i b e d i n 
e a r l i e r c h a p t e r s , t h i s r e s e a r c h p r o d u c e s a r g u m e n t s i n 
f a v o u r of r e v i e w i n g t h e q u a l i f i c a t i o n s y s t e m f o r s e a f a r e r s . 
A s s e s s m e n t of competent p e r f o r m a n c e o f t h e h i g h l y c r i t i c a l 
f u n c t i o n s may be t h e p r e r o g a t i v e of g o v e r n m e n t a l 
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a u t h o r i t i e s . L e s s c r i t i c a l f u n c t i o n s may be a s s e s s e d by 
e d u c a t i o n a l or p r o f e s s i o n a l b o d i e s . Low c r l t i c a l i t y 
f u n c t i o n s may e ven be a s s e s s e d by o f f i c e r s on board. 
3. the e f f e c t s of new t e c h n o l o g y on s e a f a r e r s . The 
i n t e r a c t i o n l e v e l s of the f u n c t i o n p e r f o r m e r s w i t h DATA, 
THINGS & PEOPLE may v a r y o v e r t i m e w i t h t h e i n t r o d u c t i o n of 
new t e c h n o l o g y . F u n c t i o n s w h i c h a r e c u r r e n t l y manual i n 
n a t u r e may be automated and become d a t a h a n d l i n g t a s k s . 
Many e n g i n e m o n i t o r i n g t a s k s have changed i n t h i s manner. 
An e n g i n e e r would p r e v i o u s l y have w a l k e d a r o u n d t h e e n g i n e 
room u s i n g a l l h i s s e n s e s , w h e r e a s now he s i t s i n a c o n t r o l 
room and m o n i t o r s an a l a r m p a n e l . PEOPLE b a s e d f u n c t i o n s 
may be e x p e c t e d to a l t e r d r a m a t i c a l l y w i t h t h e a d v e n t o f 
s m a l l e r c r e w s and I n c r e a s e d a u t o m a t i o n . 
4. a c o r e e l e m e n t of s k i l l s and knowledge f o r s e a f a r e r s . 
C e r t a i n f u n c t i o n s a r e p e r f o r m e d s o f r e q u e n t l y and a r e s o 
low i n c r l t i c a l i t y t h a t t h e y may form a c o r e of s k i l l s 
w h ich a l l s e a f a r e r s s h o u l d p o s s e s s and be a b l e to p e r f o r m 
i n t h e i r s e c o n d a r y r o l e c a p a c i t y . T h e s e may I n c l u d e s u c h 
f u n c t i o n s a s r o u t i n e h o u s e k e e p i n g and food p r e p a r a t i o n . 
A l s o , c e r t a i n f u n c t i o n s a r e s o c r i t i c a l and s o i n f r e q u e n t l y 
p erformed t h a t t h e y s h o u l d be p a r t of a c o r e o f s k i l l s o f 
a l l s e a f a r e r s . T h e s e may I n c l u d e s u c h f u n c t i o n s a s f i r e -
f l g h t l n g and a bandoning s h i p . F u n c t i o n s w h i c h a r e b o t h 
f r e q u e n t l y p e r f o r m e d and a r e h i g h l y c r i t i c a l a r e s p e c i a l i s t 
f u n c t i o n s and may not form a p a r t of c o r e s k i l l s . 
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AF»P>EMDI>C O N E 
P E R I N I T I O N S 
DATA 
I n f o r m a t i o n , knowledge, and c o n c e p t i o n s r e l a t e d 
to d a t a , p e o p l e or t h i n g s r e s u l t i n g from o b s e r v a t i o n , 
i n v e s t i g a t i o n , I n t e r p r e t a t i o n , v i s u a l i z a t i o n . and ment a l 
c r e a t i o n . D a ta a r e i n t a n g i b l e and i n c l u d e numbers, words, 
s y m b o l s , i d e a s , c o n c e p t s , and o r a l v e r b a l i z a t i o n . 
1. COMPARING 
S e l e c t s , s o r t s , o r a r r a n g e s d a t a , p e o p l e or 
t h i n g s , j u d g i n g w h e t h e r t h e i r r e a d i l y o b s e r v a b l e 
f u n c t i o n a l . s t r u c t u r a l , o r c o m p o s i t i o n a l c h a r a c t e r i s t i c s 
a r e s i m i l a r t o o r d i f f e r e n t f rom p r e s c r i b e d s t a n d a r d s . 
2. COPYING 
T r a n s c r i b e s , e n t e r s , and/or p o s t s d a t a , 
f o l l o w i n g a schema or p l a n t o a s s e m b l e o r make t h i n g s and 
u s i n g a v a r i e t y of work a i d s . 
3. COMPUTING 
P e r f o r m s a r i t h m e t i c o p e r a t i o n s and makes 
r e p o r t s and/or c a r r i e s out a p r e s c r i b e d a c t i o n i n r e l a t i o n 
t o them. 
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4. COMPILING 
G a t h e r s , c o l l a t e s , o r c l a s s i f i e s i n f o r m a t i o n 
about d a t a , p e o p l e , or t h i n g s , f o l l o w i n g a schema o r s y s t e m 
but u s i n g d i s c r e t i o n i n a p p l i c a t i o n -
5. ANALYZING 
Exam i n e s and e v a l u a t e s d a t a ( a b o u t t h i n g s , 
d a t a , o r p e o p l e ) w i t h r e f e r e n c e to t h e c r i t e r i a , s t a n d a r d s , 
and/or r e q u i r e m e n t s of a p a r t i c u l a r d i s c i p l i n e , a r t , 
t e c h n i q u e , or c r a f t to d e t e r m i n e i n t e r a c t i o n e f f e c t s 
( c o n s e q u e n c e s ) and to c o n s i d e r a l t e r n a t i v e s . 
6. INNOVATING 
M o d i f i e s , a l t e r s , and/or a d a p t s e x i s t i n g 
d e s i g n s , p r o c e d u r e s o r methods to meet u n i q u e 
s p e c i f i c a t i o n s , u n u s u a l c o n d i t i o n s , o r s p e c i f i c s t a n d a r d s 
of e f f e c t i v e n e s s w i t h i n t h e o v e r a l l framework o f o p e r a t i n g 
t h e o r i e s , p r i n c i p l e s , a n d/or o r g a n i z a t i o n a l c o n t e x t s . 
7. COORDINATING 
D e c i d e s time, p l a c e , and s e q u e n c e of 
o p e r a t i o n s of a p r o c e s s , s y s t e m , o r o r g a n i z a t i o n , and/or 
t h e need f o r r e v i s i o n o f g o a l s . p o l i c i e s (boundary 
c o n d i t i o n s ) , o r p r o c e d u r e s on t h e b a s i s of a n a l y s i s of d a t a 
and of p e r f o r m a n c e r e v i e w of p e r t i n e n t o b j e c t i v e s and 
r e q u i r e m e n t s . I n c l u d e s o v e r s e e i n g and/or e x e c u t i n g 
d e c i s i o n s and/or r e p o r t i n g on e v e n t s . 
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8. SYNTHESIZING 
C o n c e i v e s new a p p r o a c h e s to, o r s t a t e m e n t s 
of. p roblems and t h e development of s y s t e m , o p e r a t i o n a l , or 
a e s t h e t i c " s o l u t i o n s " or " r e s o l u t i o n s " of them, t y p i c a l l y 
o u t s i d e of e x i s t i n g t h e o r e t i c a l , s t y l i s t i c , or 
o rgan i z a t i o n a l c o n t e x t . 
THINGS 
I n a n i m a t e o b j e c t s a s d i s t i n g u i s h e d from human 
b e i n g s ; s u b s t a n c e s or m a t e r i a l s , m a c h i n e s , t o o l s , 
equipment, and p r o d u c t s . A t h i n g i s t a n g i b l e and h a s shape, 
form, and o t h e r p h y s i c a l c h a r a c t e r i s t i c s . 
1. HANDLING 
Use s body members, h a n d t o o l s . a nd/or s p e c i a l 
d e v i c e s to work, move, or c a r r y o b j e c t s o r m a t e r i a l s . 
I n v o l v e s l i t t l e or no l a t i t u d e f o r Judgement w i t h r e g a r d to 
a t t a i n m e n t of s t a n d a r d s o r i n s e l e c t i n g a p p r o p r i a t e t o o l , 
o b j e c t , o r m a t e r i a l . 
2. FEEDING/OFF-BEARING 
I n s e r t s , throws, dumps, or p l a c e s m a t e r i a l s 
i n o r removes them from m a c h i n e s o r equipment w h i c h a r e 
a u t o m a t i c or tended or o p e r a t e d by o t h e r w o r k e r s . 
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3. TENDING 
S t a r t s , s t o p s and o b s e r v e s t h e f u n c t i o n i n g 
of m a c h i n e s and equipment. I n v o l v e s a d j u s t i n g m a t e r i a l s or 
c o n t r o l s of the machine, s u c h a s c h a n g i n g g u i d e s , a d j u s t i n g 
t i m e r s and t e m p e r a t u r e gauges, t u r n i n g v a l v e s to a l l o w f l o w 
of m a t e r i a l s , and f l i p p i n g s w i t c h e s I n r e s p o n s e to l i g h t s . 
L i t t l e judgement i s i n v o l v e d i n making t h e s e a d j u s t m e n t s . 
4. MANIPULATING 
Uses body members, t o o l s , o r s p e c i a l d e v i c e s 
to work, move, g u i d e , o r p l a c e o b j e c t s or m a t e r i a l s . 
I n v o l v e s some l a t i t u d e f o r judgement w i t h r e g a r d t o 
p r e c i s i o n a t t a i n e d and s e l e c t i n g a p p r o p r i a t e t o o l , o b j e c t , 
o r m a t e r i a l , a l t h o u g h t h i s I s r e a d i l y m a n i f e s t . 
5. DRIVING/OPERATING 
S t a r t s , s t o p s . and c o n t r o l s the a c t i o n s of 
m a c h i n e s o r equipment f o r w h i c h a c o u r s e must be s t e e r e d , 
o r w h i c h must be g uided, i n o r d e r t o f a b r i c a t e , p r o c e s s , 
and/or move t h i n g s or p e o p l e . 
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6. OPERATING/CONTROLLING 
S t a r t s , s t o p s , c o n t r o l s . and a d j u s t s the 
p r o g r e s s of a machine or equipment. O p e r a t i n g i n v o l v e s 
s e t t i n g up and a d j u s t i n g the machine o r m a t e r i a l ( s ) a s t h e 
work p r o g r e s s e s . C o n t r o l l i n g i n v o l v e s o b s e r v i n g gauges, 
d i a l s , e t c . and t u r n i n g v a l v e s and o t h e r d e v i c e s to 
r e g u l a t e f a c t o r s s u c h a s t e m p e r a t u r e . p r e s s u r e , f l o w of 
l i q u i d s , s p e e d of pumps, 
and r e a c t i o n of m a t e r i a l s . 
7. PRECISION WORKING 
U s e s body members and/or t o o l s o r work a i d s 
to work. move, g u i d e , o r p l a c e o b j e c t s o r m a t e r i a l s i n 
s i t u a t i o n s where u l t i m a t e r e s p o n s i b i l i t y f o r t h e a t t a i n m e n t 
of s t a n d a r d s o c c u r s and s e l e c t i o n of a p p r o p r i a t e t o o l s , 
o b j e c t s , o r m a t e r i a l s , and t h e a d j u s t m e n t of t h e t o o l t o 
t h e t a s k r e q u i r e e x e r c i s e of c o n s i d e r a b l e judgement. 
8. SETTING UP 
A d j u s t s m a c h i n e s o r equipment by r e p l a c i n g 
o r a l t e r i n g t o o l s , j i g s . f i x t u r e s , and a t t a c h m e n t s t o 
p r e p a r e them to p e r f o r m t h e i r f u n c t i o n s , c h a n g e t h e i r 
p e r f o rmance, o r r e s t o r e t h e i r p r o p e r f u n c t i o n i n g i f t h e y 
b r e a k down. Workers^ who s e t up one o r a number of m a c h i n e s 
f o r o t h e r w o r k e r s or who s e t up and p e r s o n a l l y o p e r a t e a 
v a r i e t y of m a c h i n e s a r e i n c l u d e d h e r e . 
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PEOPLE 
1. TAKING INSTRUCTIONS/ HELPING/ SERVING 
A t t e n d i n g t o t h e work a s s i g n m e n t 
i n s t r u c t i o n s o r o r d e r s of a s u p e r v i s o r . A t t e n d i n g to t h e 
needs, r e q u e s t s and i m p l i c i t w i s h e s of p e o p l e . 
2. EXCHANGING INFORMATION 
T a l k i n g w i t h and/or s i g n a l l i n g p e o p l e to 
convey o r exchange I n f o r m a t i o n . I n c l u d e s g i v i n g a s s i g n m e n t s 
and/or d i r e c t i o n s t o h e l p e r s o r a s s i s t a n t s . 
3. PERSUADING 
I n f l u e n c i n g o t h e r s i n f a v o u r of a p r o d u c t , 
s e r v i c e or p o i n t of view. 
4. DIVERTING 
Amusing o t h e r s . ( U s u a l l y a c c o m p l i s h e d 
through t h e medium o f s t a g e , s c r e e n , t e l e v i s i o n or r a d i o . ) 
5. SUPERVISING 
D e t e r m i n i n g o r i n t e r p r e t i n g work p r o c e d u r e s 
f o r a group of w o r k e r s , a s s i g n i n g s p e c i f i c d u t i e s t o them, 
m a i n t a i n i n g h armonious r e l a t i o n s among them, and promoting 
e f f i c i e n c y . 
6. INSTRUCTING 
T e a c h i n g s u b j e c t m a t t e r t o o t h e r s , o r 
t r a i n i n g o t h e r s t h r o u g h e x p l a n a t i o n , d e m o n s t r a t i o n , and 
s u p e r v i s e d p r a c t i c e ; or making r e c o m m e n d a t i o n s on t h e b a s i s 
of t e c h n i c a l d i s c i p l i n e s . 
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7. NEGOTIATING 
E x c h a n g i n g i d e a s , i n f o r m a t i o n , and o p i n i o n s 
w i t h o t h e r s t o f o r m u l a t e p o l i c i e s and programmes and/or 
a r r i v e j o i n t l y a t d e c i s i o n s , c o n c l u s i o n s , o r s o l u t i o n s . 
8. MENTORING 
D e a l i n g w i t h i n d i v i d u a l s i n t e r m s of t h e i r 
t o t a l p e r s o n a l i t y i n o r d e r t o a d v i s e , c o u n s e l , a n d / o r g u i d e 
them w i t h r e g a r d t o p r o b l e m s t h a t may be r e s o l v e d b y , l e g a l , 
s c i e n t i f i c , c l i n i c a l , s p i r i t u a l , and/or o t h e r p r o f e s s i o n a l 
pr i nc i p1es. 
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1000 NAVIGATION SYSTEM 
To s a f e l y and e f f e c t i v e l y u s e n a v i g a t i o n t e c h n i q u e s 
and equipment i n o r d e r t o c o n d u c t t h e v e s s e l s a f e l y 
from b e r t h to b e r t h . 
1 100 PASSAGE PLANNING SUB-SYSTEM 
To p e r f o r m p a s s a g e p l a n n i n g f u n c t i o n s I n o r d e r to 
p r e - d e t e r m l n e r o u t e of t h e s h i p and convey t h e 
i n f o r m a t i o n t o o t h e r s . 
PASSAGE PLANNING FUNCTIONS 
1110 S e l e c t s t h e optimum r o u t e , i n o u t l i n e , t o d e t e r m i n e 
i n f ormat i o n r e q u i r e d . 
1120 C o l l a t e s r o u t e I n f o r m a t i o n t o d e t e r m i n e p r e d i c t a b l e 
c o n s t r a i n t s f o r s e l e c t e d r o u t e . 
1130 U s e s a c q u i r e d i n f o r m a t i o n t o d e t e r m i n e d e t a i l s o f t h e 
s e l e c t e d r o u t e , and p o s s i b l e a l t e r n a t i v e s . 
1140 R e c o r d s d e t a i l s I n an a p p r o p r i a t e s y s t e m a t i c form to 
convey i n f o r m a t i o n t o o t h e r s . 
1150 S t o r e s r o u t e i n f o r m a t i o n t o f a c i l i t a t e f u t u r e use. 
1160 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m p a s s a g e p l a n n i n g 
f unc t i o n s . 
1200 PASSAGE EXECUTION SUB-SYSTEM 
To p e r f o r m p a s s a g e e x e c u t i o n f u n c t i o n s d u r i n g t h e 
p e r i o d from FAOP. to EOF. 
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PASSAGE EXECUTION FUNCTIONS 
1210 A l l o c a t e s manpower to e n s u r e n e c e s s a r y f u n c t i o n s a r e 
a c h i e v e d h a v i n g c o g n i s a n c e of l e g i s l a t i o n and 
recommendat i o n s . 
1220 D i s t r i b u t e s a v a i l a b l e manpower r e s o u r c e s t o e n a b l e 
f u n c t I o n a c h i e v e m e n t . 
1230 D e t e r m i n e s v e s s e l p o s i t i o n t o e n a b l e c o m p a r i s o n 
between a c t u a l and d e s i r e d p o s i t i o n s . 
1235 E x e r c i s e s r e s p o n s i b i l i t y f o r c o n t r o l l i n g . - t h e 
d i r e c t i o n and sp e e d of t h e v e s s e l . 
1240 O p e r a t e s s t e e r i n g equipment t o c o n t r o l t h e d i r e c t i o n 
of t h e v e s s e l ' s movement. 
1250 U n d e r s t a n d s and c o m p l i e s w i t h I n t e r n a t i o n a l 
R e g u l a t i o n s f o r t h e P r e v e n t i o n of C o l l i s i o n s a t S e a 
to e n s u r e c o l l i s i o n s do not o c c u r . 
1260 C o l l e c t s d a t a on e x t e r n a l f a c t o r s w h i c h may a f f e c t 
s h i p i n o r d e r t o promote a s a f e and e x p e d i t i o u s 
p a s s a g e . 
1270 S t o r e s p a s s a g e i n f o r m a t i o n t o e n a b l e p o t e n t i a l f u t u r e 
use. 
1280 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m p a s s a g e e x e c u t i o n 
f u n c t i o n s . 
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1300 PILOTAGE SUB-SYSTEM 
To p e r f o r m p i l o t a g e f u n c t i o n s d u r i n g t h e p e r i o d from 
EOP. to FAOP. 
PILOTAGE FUNCTIONS 
1310 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
1320 E x e r c i s e s r e s p o n s i b i l i t y t o c o n t r o l t h e d i r e c t i o n and 
spee d of the v e s s e l . 
1330 D e t e r m i n e s v e s s e l p o s i t i o n t o e n a b l e c o m p a r i s o n 
between a c t u a l and d e s i r e d p o s i t i o n s . 
1340 O p e r a t e s s t e e r i n g equipoment to c o n t r o l t h e d i r e c t i o n 
of v e s s e l movement. 
1350 C o m p l i e s w i t h I n t e r n a t i o n a l R e g u l a t i o n s f o r t h e 
p r e v e n t i o n of c o l l i s i o n s a t s e a do e n s u r e t h a t 
c o l l i s i o n s do not o c c u r . 
1360 C o l l e c t s d a t a on e x t e r n a l f a c t o r s w h i c h may a f f e c t 
s h i p i n o r d e r t o promote a s a f e and e x p e d i t i o u s 
p a s s a g e . 
1370 P r e p a r e s mooring equipment to e x p e d i t e t h e p r o c e s s of 
b e r t h i n g / u n b e r t h i n g . 
1380 S t o r e s p i l o t a g e i n f o r m a t i o n t o f a c i l i t a t e f u t u r e u s e . 
1390 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m p i l o t a g e f u n c t i o n s . 
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1400 BERTHING/UNBERTHING SUB-SYSTEM 
To p e r f o r m t h e f u n c t i o n s of s e c u r i n g to, or l e t t i n g 
go from, a s h o r e s t r u c t u r e or a n c h o r a g e . 
BERTHING/UNBERTHING FUNCTIONS 
1410 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat1ons. 
1420 E x e r c i s e r e s p o n s i b i l i t y t o c o n t r o l t h e p o s i t i o n , 
d i r e c t i o n and s p e e d o f t h e v e s s e l . 
1430 D e p l o y s and u t i l i s e s mooring equlpoment t o s e c u r e t h e 
v e s s e 1 . 
1440 R e c o v e r s and u t i l i s e s mooring equlpoment to l e t go 
the v e s s e l . 
1450 D e p l o y s . u s e s and r e c o v e r s a n c h o r s t o f a c i l i t a t e 
mooring and s h i p h a n d l i n g . 
1460 S t o r e s mooring I n f o r m a t i o n t o f a c i l i t a t e f u t u r e u s e . 
1470 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e b e r t h i n g o r 
u n b e r t h i n g f u n c t I o n . 
1500 NAVIGATION EQUIPMENT MAINTENANCE SUB-SYSTEM 
The p r o c e s s of e n s u r i n g t h a t t h e n a v i g a t i o n a l 
equipment i s f u n c t i o n a l when r e q u i r e d . 
Ph.D. T H E S I S Page 246 
APPENDIX 2 
NAVIGATIUON EQUIPNENT MAINTENANCE FUNCTIONS 
1510 E x a m i n e s n a v i g a t i o n a l equipment t o d e t e r m i n e i t s 
c o n d i t i o n and r e c t i f y p o t e n t i a l f a u l t s s o t h a t t h e 
equipoment i s f u n c t i o n a l and e f f e c t i v e when r e q u i r e d . 
1520 R e c t i f i e s breakdown t o r e t u r n equipment t o a 
f u n c t i o n a l and e f f e c t i v e s t a t e . 
1530 S t o r e s m a i n t e n a n c e i n f o r m a t i o n t o f a c i l i t a t e f u t u r e 
use. 
1540 E f f e c t s t h e l e a r n i n g to a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e m a i n t e n a n c e 
f unc t i o n . 
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C AROO F='UM0T^I01SrS 
2000 CARGO OPERATIONS SYSTEM 
The s a f e and e x p e d i t i o u s h a n d l i n g of c a r g o , u s i n g t h e 
c a r g o and b a l l a s t s y s t e m s . 
2100 CARGO PREPARATION SUB-SYSTEM 
To e n s u r e v e s s e l i s r e a d y and s a f e t o t r a n s p o r t 
s p e c i f i e d c a r g o , 
CARGO PREPARATION FUNCTIONS 
2110 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower t o 
en s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendatIons. 
2112 I d e n t i f i e s s t a n d a r d s t o be a c h i e v e d and c o n s t r a i n t s 
to be o b s e r v e d t o p l a n n e c e s s a r y p r e p a r a t i o n . 
2130 C a r r i e s out t h e n e c e s s a r y t a s k s t o a c h i e v e t h e 
p r e v i o u s l y d e t e r m i n e d s t a n d a r d s . 
2140 Compares a c t u a l and d e s i r e d s t a t e s of c a r g o s y s t e m t o 
c o n f i r m t h a t t h e p r o c e s s o f p r e p a r a t i o n i s 
s a t i s f a c t o r y . 
2150 D e t e r m i n e s q u a n t i t y and d i s t r i b u t i o n o f c a r g o t o keep 
w i t h i n t h e c o n s t r a i n t s of commerce and s a f e t y . 
2160 S t o r e s c a r g o p r e p a r a t i o n I n f o r m a t i o n t o f a c i l i t a t e 
f u t u r e use. 
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2170 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e c a r g o p r e p a r a t i o n 
f unc t i o n s . 
2200 CARGO LOADING SUB-SYSTEM 
To e f f e c t t he s a f e and e f f i c i e n t l o a d i n g o f the s h i p . 
CARGO LOADING FUNCTIONS 
2210 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
2200 Communicates w i t h t h e s h o r e t o e x p e d i t e t h e t r a n s f e r 
of c a r g o . 
2230 L i n k s s h i p / s h o r e c a r g o s u b - s y s t e m s t o p r e p a r e f o r 
c a r g o t r a n s f e r . 
2240 T r a n s f e r s c a r g o t o l o a d s h i p . 
2250 Compares a c t u a l and d e s i r e d s t a t e s of s h i p c o n d i t i o n 
and c a r g o t r a n s f e r t o c o n f i r m t h a t t h e l o a d i n g 
p r o c e s s i s w i t h i n s p e c i f i e d c o n s t r a i n t s and 
p a r a m e t e r s . 
2255 E x e r c i s e s r e s p o n s i b i l i t y f o r r e s t o r a t i v e d e c i s i o n and 
ac t i o n . 
2260 D e t e r m i n e s when l o a d i n g c o m p l e t e d f o r t h a t p o r t and 
s h u t s down s h i p ' s c a r g o s y s t e m t o c o m p l e t e l o a d i n g . 
2270 S t o r e s c a r g o l o a d i n g I n f o r m a t i o n t o f a c i l i t a t e f u t u r e 
use. 
2280 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
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knowledge and s k i l l s t o p e r f o r m t h e c a r g o p r e p a r a t i o n 
f unc t i o n s . 
2 300 CARGO CARRIAGE SUB-SYSTEM 
To e f f e c t the s a f e and e f f i c i e n t c o n v e y a n c e of c a r g o 
from b e r t h t o b e r t h . 
CARGO CARRIAGE FUNCTIONS 
2310 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
2320 I d e n t i f i e s s t a n d a r d s to be a c h i e v e d and c o n s t r a i n t s 
to be o b s e r v e d t o e f f e c t s a f e and e c o n o m i c a l c a r r i a g e 
of c a r g o . 
2325 E x e r c i s e s r e s p o n s i b i l i t y f o r i m p l e m e n t i n g r e s t o r a t i v e 
a c t i o n w i t h r e g a r d t o c a r g o c o n d i t i o n . 
2330 Compares a c t u a l and d e s i r e d s t a t e s of c a r g o c o n d i t i o n 
t o c o n f i r m t h e m a i n t e n a n c e of q u a l i t y c o n t r o l and 
s a f e t y r e q u i r e m e n t s . 
2340 Compares a c t u a l and d e s i r e d s t a t e s of c a r g o 
e n v i r o n m e n t t o c o n f i r m t h a t t h e e n v i r o n m e n t i s 
c o n t a i n e d w i t h i n the d e s i r e d p a r a m e t e r s . 
2345 E x e r c i s e s r e s p o n s i b i l i t y f o r i m p l e m e n t i n g r e s t o r a t i v e 
a c t i o n w i t h r e g a r d t o c a r g o e n v i r o n m e n t . 
2350 M a i n t a i n s c a r g o w i t h i n s t a t e d p h y s i c a l p a r a m e t e r s t o 
e n s u r e q u a l i t y c o n t r o l and s a f e t y r e q u i r e m e n t s . 
2370 S t o r e s c a r g o and e n v i r o n m e n t i n f o r m a t i o n to 
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f a c i l i t a t e f u t u r e use. 
2380 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e c a r g o c a r r i a g e 
f unc t i ons. 
2400 CARGO DISCHARGE SUB-SYSTEM 
To e f f e c t t h e s a f e and e f f i c i e n t d i s c h a r g i n g of t h e 
s h i p . 
CARGO DISCHARGE FUNCTIONS 
2410 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
2420 Communicates w i t h t h e s h o r e t o e x p e d i t e t h e t r a n s f e r 
of c a r g o . 
2430 L i n k s s h i p / s h o r e c a r g o s u b - s y s t e m s t o p r e p a r e f o r 
c a r g o t r a n s f e r . 
2440 T r a n s f e r s c a r g o t o d i s c h a r g e s h i p . 
2450 Compares a c t u a l and d e s i r e d s t a t e s o f s h i p c o n d i t i o n 
and c a r g o t r a n s f e r t o c o n f i r m t h a t t h e d i s c h a r g e 
p r o c e s s i s w i t h i n s p e c i f i e d c o n s t r a i n t s and 
p a r a m e t e r s . 
2455 E x e r c i s e s r e s p o n s i b i l i t y f o r r e s t o r a t i v e d e c i s i o n s 
and a c t i o n . 
2460 D e t e r m i n e s when d i s c h a r g e c o m p l e t e d f o r t h a t p o r t and 
s h u t s down s h i p ' s c a r g o s y s t e m t o c o m p l e t e 
d i s c h a r g i n g . 
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2470 S t o r e s d i s c h a r g i n g i n f o r m a t i o n t o f a c i l i t a t e f u t u r e 
use. 
2480 E f f e c t s the l e a r n i n g t o a c q u i r e the n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e c a r g o d i s c h a r g e 
f unc t i ons. 
2550 BALLAST OPERATIONS SUB-SYSTEMS 
The movement of b a l l a s t to, from and w i t h i n the s h i p 
to s a t i s f y r e q u i r e m e n t s of s h i p c o n d i t i o n . 
BALLAST FUNCTIONS 
2510 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
2515 P r e d e t e r m i n e b a l l a s t r e q u i r e m e n t s . 
2520 L o a d s b a l l a s t i n t o t h e s h i p t o s a t i s f y p r e d e t e r m i n e d 
r e q u i r e m e n t s . 
2530 D i s c h a r g e s b a l l a s t from t h e s h i p t o s a t i s f y 
p r e d e t e r m i n e d r e q u i r e m e n t s . 
2540 Moves b a l l a s t w i t h i n t h e s h i p t o s a t i s f y 
p r e d e t e r m i n e d r e q u i r e m e n t s . 
2550 Compares a c t u a l and d e s i r e d s t a t e s of b a l l a s t s u b -
s y s t e m t o c o n f i r m t h a t t h e b a l l a s t o p e r a t i o n s and 
s h i p ' s c o n d i t i o n a r e w i t h i n d e s i r e d p a r a m e e r s . 
2555 E x e r c i s e s r e s p o n s i b i l i t y f o r r e s t o r a t i v e d e c i s i o n s 
and a c t i o n . 
2560 S t o r e s b a l l a s t i n f o r m a t i o n t o f a c i l i t a t e f u t u r e u se. 
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2570 E f f e c t s the l e a r n i n g to a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s to p e r f o r m t h e b a l l a s t 
f unc t i o n s . 
2600 CARGO/BALLAST ^4AINTENANCE SUB-SYSTEM 
The p r o c e s s of e n s u r i n g t h a t t h e c a r g o / b a l l a s t 
s y s t e m s a r e i n a f u n c t i o n a l c o n d i t i o n when r e q u i r e d . 
CARGO/BALLAST MAINTENANCE FUNCTIONS 
2610 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower t o 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
2620 E x a m i n e s c a r g o / b a 1 1 a s t equipment to d e t e r m i n e 
c o n d i t i o n and to r e c t i f y p o t e n t i a l f a u l t s s o t h a t t h e 
equipment i s f u n c t i o n a l and e f f e c t i v e when r e q u i r e d . 
2630 R e c t i f i e s breakdowns t o r e t u r n equipment t o a 
f u n c t i o n a l and e f f e c t i v e s t a t e . 
2640 S t o r e s m a i n t e n a n c e i n f o r m a t i o n t o f a c i l i t a t e f u t u r e 
use. 
2650 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e m a i n t e n a n c e 
f u n c t i o n s . 
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3000 MACHINERY SYSTEM 
The s a f e and e f f i c i e n t u s e of t h e s h i p ' s m a c h i n e r y . 
3100 HULL & PROPULSION SUB-SYSTEM 
The s a f e and e f f i c i e n t o p e r a t i o n and m a i n t e n a n c e of 
the v e s s e l ' s h u l l and p r o p u l s i o n m a c h i n e r y t o 
f unc t i on commerc i a11y. 
HULL & PROPULSION FUNCTIONS 
3101 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower t o 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
3102 P e r f o r m s equipment dependent t a s k s t o p r e p a r e / t e s t 
r e l e v a n t m a c h i n e r y . 
3103 Compares t h e a c t u a l and d e s i r e d c o n d i t i o n s of a 
m a c h i n e r y s u b - s y s t e m t o c o n f i r m t h a t t h e p r o c e s s of 
p r e p a r a t i o n i s s a t i s f a c t o r y . 
3104 S t o r e s t h e d e t a i l s o f p r e p a r a t i o n to f a c i l i t a t e 
f u t u r e use. 
3105 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e 
p r e p a r a t i o n / t e s t i n g f unc t i o n . 
3106 P e r f o r m s equipment dependent t a s k s t o r u n u p / s h u t 
down r e l e v a n t m a c h i n e r y . 
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3107 Compares the a c t u a l and d e s i r e d c o n d i t i o n s of a 
m a c h i n e r y s u b - s y s t e m t o c o n f i r m t h a t t h e p r o c e s s of 
run up/shut down i s s a t i s f a c t o r y . 
3108 S t o r e s the d e t a i l s of r u n up/s h u t down t o f a c i l i t a t e 
f u t u r e u se. 
3109 E f f e c t s t h e l e a r n i n g to a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e r u n u p / s h u t down 
f unc t i o n . 
3110 P e r f o r m s equipment dependent t a s k s t o a c h i e v e ,-3teady 
r u n n i n g of r e l e v a n t m a c h i n e r y , 
3111 Compares t h e a c t u a l and d e s i r e d c o n d i t i o n s of 
m a c h i n e r y t o c o n f i r m t h a t t h e p r o c e s s of s t e a d y 
r u n n i n g i s s a t i s f a c t o r y . 
3112 S t o r e s t h e d e t a i l s of s t e a d y r u n n i n g t o f a c i l i t a t e 
f u t u r e use. 
3113 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e s t e a d y r u n n i n g 
f unc t i o n . 
3114 D e t e r m i n e s when m a i n t e n a n c e t a s k s s h o u l d be c a r r i e d 
out, w i t h i n t h e m a i n t e n a n c e s c h e d u l e , t o e n s u r e 
downtime h a s minimum a d v e r s e e f f e c t on v e s s e l 
o p e r a t i o n . 
3115 E x e c u t e s p l a n n e d m a i n t e n a n c e t a s k s t o d e t e r m i n e 
m a c h i n e r y c o n d i t i o n and r e c t i f y p o t e n t i a l f a u l t s s o 
t h a t t h e m a c h i n e r y i s f u n c t i o n a l and e f f e c t i v e when 
r e q u i r e d . 
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3116 S t o r e s the d e t a i l s o f p r o a c t i v e m a i n t e n a n c e to 
f a c i l i t a t e f u t u r e u s e . 
3117 E f f e c t s the l e a r n i n g to a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e p r o a c t i v e 
ma i n t e n a n c e f unc t i o n . 
3118 I d e n t i f i e s f a u l t t o d e t e r m i n e m a i n t e n a n c e t a s k s 
r e q u i r e d . 
3119 E x e c u t e s m a i n t e n a n c e t a s k s t o r e t u r n m a c h i n e r y to a 
f u n c t i o n a l and e f f e c t i v e s t a t e . 
3120 Compares the a c t u a l and d e s i r e d c o n d i t i o n s of 
m a c h i n e r y to c o n f i r m t h a t t h e m a i n t e n a n c e t a s k s have 
been s a t i s f a c t o r i l y a c h i e v e d . 
3121 S t o r e s the d e t a i l s of r e a c t i v e m a i n t e n a n c e t o 
f a c i l i t a t e f u t u r e u s e . 
3122 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e r e a c t i v e 
m a i n t e n a n c e f u n c t i o n . 
3200 CARGO OPERATION & DECK MACHINERY SUB-SYSTEM 
The s a f e and e f f i c i e n t o p e r a t i o n of c a r g o and deck 
machinery. 
CARGO OPERATION & DECK MACHINERY FUNCTIONS 
3201 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower t o 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
3202 P e r f o r m s equipment dependent t a s k s t o p r e p a r e / t e s t 
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r e l e v a n t m a c h i n e r y . 
3203 Compares the a c t u a l and d e s i r e d c o n d i t i o n s of a 
ma c h i n e r y s u b — s y s t e m t o c o n f i r m t h a t t h e p r o c e s s of 
p r e p a r a t i o n i s s a t i s f a c t o r y . 
3204 S t o r e s t h e d e t a i l s o f p r e p a r a t i o n t o f a c i l i t a t e 
f u t u r e use. 
3205 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e 
p r e p a r a t i o n / t e s t i n g f u n c t i o n . 
3206 P e r f o r m s equipment dependent t a s k s t o r u n u p / s h u t 
down r e l e v a n t m a c h i n e r y . 
3207 Compares t h e a c t u a l and d e s i r e d c o n d i t i o n s of a 
ma c h i n e r y s u b — s y s t e m t o c o n f i r m t h a t t h e p r o c e s s of 
run up/shut down I s s a t i s f a c t o r y . 
3208 S t o r e s t h e d e t a i l s o f r u n up/sh u t down t o f a c i l i t a t e 
f u t u r e use. 
3209 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e r u n u p / s h u t down 
f unc t i o n . 
3210 P e r f o r m s equipment dependent t a s k s t o a c h i e v e s t e a d y 
r u n n i n g of r e l e v a n t m a c h i n e r y . 
3211 Compares t h e a c t u a l and d e s i r e d c o n d i t i o n s of 
m a c h i n e r y t o c o n f i r m t h a t t h e p r o c e s s of s t e a d y 
r u n n i n g i s s a t i s f a c t o r y . 
3212 S t o r e s the d e t a i l s of s t e a d y r u n n i n g t o f a c i l i t a t e 
f u t u r e use. 
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3213 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e s t e a d y r u n n i n g 
f unc t i on. 
3214 D e t e r m i n e s when m a i n t e n a n c e t a s k s s h o u l d be c a r r i e d 
out, w i t h i n t h e m a i n t e n a n c e s c h e d u l e , t o e n s u r e 
downtime h a s minimum a d v e r s e e f f e c t on v e s s e l 
o p e r a t i o n . 
3215 E x e c u t e s p l a n n e d m a i n t e n a n c e t a s k s t o d e t e r m i n e 
m a c h i n e r y c o n d i t i o n and r e c t i f y p o t e n t i a l f a u l t s s o 
t h a t the m a c h i n e r y i s f u n c t i o n a l and e f f e c t i v e when 
r e q u i r e d . 
3216 S t o r e s the d e t a i l s o f p r o a c t i v e m a i n t e n a n c e t o 
f a c i l i t a t e f u t u r e u se. 
3217 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e p r o a c t i v e 
m a i n t e n a n c e f u n c t i o n . 
3218 I d e n t i f i e s f a u l t t o d e t e r m i n e m a i n t e n a n c e t a s k s 
r e q u l r e d . 
3219 E x e c u t e s m a i n t e n a n c e t a s k s t o r e t u r n m a c h i n e r y t o a 
f u n c t i o n a l and e f f e c t i v e s t a t e . 
3220 Compares t h e a c t u a l and d e s i r e d c o n d i t i o n s of 
m a c h i n e r y t o c o n f i r m t h a t t h e m a i n t e n a n c e t a s k s have 
been s a t i s f a c t o r i l y a c h i e v e d . 
3221 S t o r e s t h e d e t a i l s o f r e a c t i v e m a i n t e n a n c e t o 
f a c i l i t a t e f u t u r e u s e . 
Ph.D. T H E S I S Page 258 
APPENDIX 2 
3222 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e r e a c t i v e 
ma i n t e n a n c e f unc t i on. 
3300 S E R V I C E S SUB-SYSTEM 
The s a f e and e f f i c i e n t o p e r a t i o n of the s h i p ' s 
s e r v i c e mach i n e r y . 
S E RVICE FUNCTIONS 
3301 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i ons. 
3302 P e r f o r m s equipment dependent t a s k s t o p r e p a r e / t e s t 
r e l e v a n t mach i n e r y . 
3303 Compares t h e a c t u a l and d e s i r e d c o n d i t i o n s of a 
m a c h i n e r y s u b - s y s t e m t o c o n f i r m t h a t t h e p r o c e s s of 
p r e p a r a t i o n i s s a t i s f a c t o r y . 
3304 S t o r e s t h e d e t a i l s of p r e p a r a t i o n to f a c i l i t a t e 
f u t u r e use. 
3305 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e 
p r e p a r a t i o n / t e s t i n g f unc t i o n . 
3306 P e r f o r m s equipment dependent t a s k s t o r u n u p / s h u t 
down r e l e v a n t m a c h i n e r y . 
3307 Compares t h e a c t u a l and d e s i r e d c o n d i t i o n s of a 
m a c h i n e r y s u b - s y s t e m t o c o n f i r m t h a t t h e p r o c e s s of 
ru n up/shut down i s s a t i s f a c t o r y . 
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3308 S t o r e s t h e d e t a i l s of r u n u p / s h u t down t o f a c i l i t a t e 
f u t u r e use. 
3309 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s to p e r f o r m t h e r u n u p / s h u t down 
f unc t i o n . 
3310 P e r f o r m s equipment dependent t a s k s t o a c h i e v e s t e a d y 
r u n n i n g of r e l e v a n t m a c h i n e r y . 
3311 Compares the a c t u a l and d e s i r e d c o n d i t i o n s of 
m a c h i n e r y to c o n f i r m t h a t t h e p r o c e s s of ..-steady 
r u n n i n g i s s a t i s f a c t o r y . 
3312 S t o r e s t h e d e t a i l s of s t e a d y r u n n i n g t o f a c i l i t a t e 
f u t u r e use. 
3313 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e s t e a d y r u n n i n g 
f u n c t i on. 
3314 D e t e r m i n e s when m a i n t e n a n c e t a s k s s h o u l d be c a r r i e d 
out, w i t h i n t h e m a i n t e n a n c e s c h e d u l e , t o e n s u r e 
downtime h a s minimum a d v e r s e e f f e c t on v e s s e l 
o p e r a t i o n . 
3315 E x e c u t e s p l a n n e d m a i n t e n a n c e t a s k s t o d e t e r m i n e 
m a c h i n e r y c o n d i t i o n and r e c t i f y p o t e n t i a l f a u l t s s o 
t h a t t h e m a c h i n e r y i s f u n c t i o n a l and e f f e c t i v e when 
r e q u i r e d . 
3316 S t o r e s t h e d e t a i l s of p r o a c t i v e m a i n t e n a n c e t o 
f a c i l i t a t e f u t u r e u s e . 
3317 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
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knowledge and s k i l l s t o p e r f o r m t h e p r o a c t i v e 
m a i n t e n a n c e f unct ion. 
3318 I d e n t i f i e s f a u l t t o d e t e r m i n e m a i n t e n a n c e t a s k s 
r e q u i r e d . 
3319 E x e c u t e s m a i n t e n a n c e t a s k s t o r e t u r n m a c h i n e r y to a 
f u n c t i o n a l and e f f e c t i v e s t a t e . 
3320 Compares the a c t u a l and d e s i r e d c o n d i t i o n s of 
m a c h i n e r y to c o n f i r m t h a t t h e m a i n t e n a n c e t a s k s have 
been s a t i s f a c t o r i l y a c h i e v e d . 
3321 S t o r e s t h e d e t a i l s o f r e a c t i v e m a i n t e n a n c e t o 
f a c i l i t a t e f u t u r e use. 
3322 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e r e a c t i v e 
ma i n t e n a n c e f unct i on. 
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HOT^EL^ F='UMCnr I QMS 
4000 HOTEL S E R V I C E S SYSTEM 
P r o v i d e s c a t e r i n g and accommodation f a c i l i t i e s t o 
s a t i s f y the d o m e s t i c n e e d s of t h o s e on b o a r d w i t h i n 
p r e s c r i b e d c o n s t r a i n t s . 
4100 CATERING SUB-SYSTEM 
To p r o v i d e food and d r i n k f o r t h o s e on board. 
4110 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommenda 11ons . 
4120 P l a n s menus to p r o v i d e a v a r i e d and n u t r i t i o u s d i e t . 
4130 O r d e r s and p u r c h a s e s c o n s u m a b l e s t o s a t i s f y t h e 
d o m e s t I c r e q u i r e m e n t s . 
4140 Loads, k e e p s and c o n t r o l s t h e s t o c k of c o n s u m a b l e s I n 
a d e s i r e d c o n d i t i o n to s a t i s f y d o m e s t i c r e q u i r e m e n t s . 
4150 P r e p a r e s food and d r i n k t o s a t i s f y menu r e q u i r e m e n t s . 
4160 A s s e m b l e s p r e p a r e d c o n s u m a b l e s to make them a v a i l a b l e 
to consumers. 
4170 S t o r e s c a t e r i n g i n f o r m a t i o n to f a c i l i t a t e f u t u r e use. 
4180 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e c a t e r i n g 
f unc t i o n s . 
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4200 HOUSEKEEPING SUB-SYSTEM 
M a i n t a i n s d o m e s t i c f a b r i c and f u r n i s h i n g s t o s a t i s f y 
the needs of t h o s e on board. 
HOUSEKEEPING FUNCTIONS 
4210 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
4220 C l e a n s d o m e s t i c s p a c e s t o m a i n t a i n a h y g i e n i c 
cond i t i o n . 
4230 Manages l i n e n s t o c k s t o s a t i s f y d o m e s t i c n e e d s of 
t h o s e on board. 
4240 S t o r e s h o u s e k e e p i n g i n f o r m a t i o n t o f a c i l i t a t e f u t u r e 
use. 
4250 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e h o u s e k e e p i n g 
f u n c t i o n s . 
430O HOTEL SYSTEM EQUIPMENT MAINTENANCE 
The p r o c e s s of e n s u r i n g t h a t t h e c a t e r i n g and 
h o u s e k e e p i n g equipment i s i n a f u n c t i o n a l c o n d i t i o n . 
HOTEL EQUIPMENT MAINTENANCE FUNCTIONS 
4310 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
4320 R e p a i r s , c l e a n s and m a i n t a i n s a p p l i a n c e s t o e n s u r e 
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a v a i l a b i l i t y f o r use when r e q u i r e d . 
4330 S t o r e s m a i n t e n a n c e i n f o r m a t i o n to f a c i l i t a t e f u t u r e 
use. 
4340 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e m a i n t e n a n c e 
f unc t i o n s . 
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CONIlvlUM I O A T I O N S F U M O H T I Q M S 
5000 COMMUNICATION SYSTEM 
To t r a n s f e r d a t a I n o r d e r t o f a c i l i t a t e t h e o p e r a t i o n 
of the v e s s e 1 . 
5100 EXTRASHIP COMMUNICATION SUB-SYSTEM 
To t r a n s f e r d a t a between t h e s h i p and i t s 
env i r o n m e n t . 
EXTRASHIP COMMUNICATION FUNCTIONS 
5110 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i ons. 
5120 S e l e c t s c o m m u n i c a t i o n method to o p t i m i s e t h e d a t a 
t r a n s f e r . 
5130 O p e r a t e s c o m m u n i c a t i o n equipment t o t r a n s f e r d a t a . 
5140 S t o r e s e x t r a s h l p c o m m u n i c a t i o n i n f o r m a t i o n t o 
f a c i l i t a t e f u t u r e u se. 
5150 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e e x t r a s h i p 
communlcat i o n f u n c t I o n s . 
5200 INTRASHIP COMMUNICATION SUB-SYSTEM 
To t r a n s f e r d a t a w i t h i n t h e s h i p . 
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INTRASHIP COMMUNICATION FUNCTIONS 
5210 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
reconunendat i o n s . 
5220 S e l e c t s c o m m u n i c a t i o n method to o p t i m i s e d a t a 
t r a n s f e r . 
5230 O p e r a t e s c o m m u n i c a t i o n equipoment t o t r a n s f e r d a t a . 
5240 S t o r e s i n t r a s h i p c o m m u n i c a t i o n i n f o r m a t i o n to 
f a c i l i t a t e f u t u r e u se. 
5250 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e i n t r a s h i p 
commun i c a t i o n f u n c t i o n s . 
5300 COMMUNICATION EQUIPMENT MAINTENANCE SUB-SYSTEM 
The p r o c e s s of e n s u r i n g t h a t t h e c o m m u n i c a t i o n s 
equipment i s i n a f u n c t i o n a l c o n d i t i o n when r e q u i r e d . 
COMMUNICATION EQUIPMENT MAINTENANCE FUNCTIONS 
5310 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
5320 E x a m i n e s c o m m u n i c a t i o n equipment t o d e t e r m i n e i t s 
c o n d i t i o n and r e c t l o f y p o t e n t i a l f a u l t s s o t h a t t h e 
equipment i s f u n c t i o n a l and e f f e c t i v e when r e q u i r e d . 
5330 R e c t i f i e s breakdowns t o r e t u r n equipment t o i t s 
f u n c t i o n a l and e f f e c t i v e s t a t e . 
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5340 S t o r e s m a i n t e n a n c e i n f o r m a t i o n to f a c i l i t a t e f u t u r e 
use. 
5350 E f f e c t s the l e a r n i n g to a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m the m a i n t e n a n c e 
f unc t i ons. 
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M A M A O E l V I E M - r & A O I V I I W I S R A^T I O M 
SYSTEM 
6000 MANAGEMENT & ADMINISTRATION SYSTEM 
The p e r f o r m a n c e of mangement and a d m i n i s t r a t i o n 
f u n c t i o n s t o f a c i l i t a t e t h e o p e r a t i o n of t h e v e s s e l . 
6100 PERSONNEL SUB-SYSTEM 
P r o v i d e s s h i p ' s s t a f f and s u p p o r t s e r v i c e s to .enable 
v e s s e l t o o p e r a t e w i t h i n s p e c i f i e d c o n s t r a i n t s . 
PERSONNEL FUNCTIONS 
6110 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
6120 P r o v i d e s s t a f f w i t h a p p r o p r i a t e s k i l l s , knowledge and 
q u a l i f i c a t i o n s t o o p e r a t e t h e v e s s e l . 
6130 E n s u r e s p r o v i s i o n of w e l f a r e f a c t o r s t o s a t i s f y t h e 
r e q u i r e m e n t s of s t a f f on board. 
6135 E n s u r e s p r o v i s i o n of h e a l t h and s a f e t y f a c t o r s t o 
s a t i s f y t h e r e q u i r e m e n t s of s t a f f on bo a r d . 
6136 E n s u r e s p r o v i s i o n of m o t i v a t i o n f a c t o r s t o s a t i s f y 
t he r e q u i r e m e n t s of t h o s e on board. 
6140 E x e c u t e p e r s o n n e l a p p r a i s a l f u n c t i o n s i n a c c o r d a n c e 
w i t h management r e q u i r e m e n t s . 
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6150 S t o r e s management and a d m i n i s t r a t i o n i n f o r m a t i o n t o 
f a c i l i t a t e f u t u r e use. 
6160 E f f e c t s the l e a r n i n g to a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e management and 
admin i s t r a t i o n f unc t i o n s . 
6200 CONSUMABLES & SPARES SUB-SYSTEM 
P r o v i s i o n of c o n s u m a b l e s and s p a r e s t o e n a b l e v e s s e l 
to o p e r a t e w i t h i n s p e c i f i e d c o n s t r a i n t s . 
CONSUMABLES & SPARES FUNCTIONS 
6210 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower t o 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendatIons. 
6220 M o n i t o r s q u a n t i t y and u s e of s t o r e s and c o n s u m a b l e s 
to e n s u r e an a d e q u a t e p r o v i s i o n . 
6230 O r d e r s s t o r e s and c o n s u m a b l e s t o m a i n t a i n a minimum 
s t o c k l e v e l . 
6240 Keeps s t o r e s and c o n s u m a b l e s t o e n s u r e q u a l i t y i s n o t 
i m p a i r e d and t h e y a r e r e a d y f o r u s e . 
6250 S t o r e s c o n s u m a b l e s and s p a r e s i n f o r m a t i o n t o 
f a c i l i t a t e f u t u r e u s e . 
6260 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e c o n s u m a b l e s and 
s p a r e s f u n c t i o n s . 
6300 FINANCIAL SUB-SYSTEM 
E x e c u t i o n of b u d g e t a r y and a c c o u n t i n g f u n c t i o n s . 
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FINANCIAL FUNCTIONS 
6310 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i ons. 
6320 I d e n t i f i c a t i o n of c o s t c e n t r e s i n o r d e r t o e x e r c i s e 
f i n a n c i a l p l a n n i n g and c o n t r o l . 
6330 E x e c u t e b u d g e t a r y c o n t r o l t e c h n i q u e s i n o r d e r to s t a y 
w i t h i n d e f i n e d f i n a n c i a l c o n s t r a i n t s . 
6340 E x e c u t e c a s h a c c o u n t i n g and c o n t r o l t e c h n i q u e s I n 
o r d e r t o monitor c a s h flow. 
6350 S t o r e s f i n a n c i a l i n f o r m a t i o n t o f a c i l i t a t e f u t u r e 
use. 
6360 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e f i n a n c i a l 
f unc t i o n s . 
6400 NATIONAL & INTERNATIOINAL LEGAL SUB-SYSTEM 
E n a b l e s v e s s e l t o o p e r a t e w i t h i n l e g i s l a t i v e 
p a r a m e t e r s . 
LEGAL FUNCTIONS 
6410 I d e n t i f i e s l e g i s l a t i v e c o n t r o l s and s t a t u t o r y d u t i e s 
to e n s u r e c o m p l i a n c e w i t h n a t i o n a l and i n t e r n a t i o n a l 
r e q u i r e m e n t s . 
6420 U s e s knowledge of c o m m e r c i a l s h i p p i n g p r a c t i c e t o 
p r o t e c t t h e i n t e r e s t s of t h e c o n t r a c t i n g p a r t i e s . 
6430 Uses knowledgeof f a u l t l i a b i l i t y t o e n s u r e c o m p l i a n c e 
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w i t h c i v i l 1 aw. 
6440 M a i n t a i n s , c o m p i l e s and d i s t r i b u t e s s t a t u t o r y 
documents t o f a c i l i t a t e v e s s e l o p e r a t i o n s . 
6450 M a i n t a i n s , c o m p i l e s and d i s t r i b u t e s company documents 
to s a t i s f y company r e q u i r e m e n t s . 
6460 M a i n t a i n s , c o m p i l e s and d i s t r i b u t e s c o m m e r c i a l 
documents t o f a c i l i t a t e v e s s e l o p e r a t i o n s . 
6470 S t o r e s l e g a l d o c u m e n t a t i o n t o f a c i l i t a t e f u t u r e use. 
6480 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e l e g a l f u n c t i o n s . 
6500 ORGANIZATION MANAGEMENT SUB-SYSTEM 
I m p l e m e n t a t i o n of management t e c h n i q u e s t o promote 
s a f e and e f f i c i e n t o p e r a t i o n of t h e v e s s e l . 
ORGANIZATION MANAGEMENT FUNCTIONS 
6510 R e c o g n i z e s company o r g a n i z a t i o n a l s t r u c t u r e t o a i d 
the a c h i e v e m e n t of company o b j e c t i v e s . 
6520 D e c e n t r a l i s e s o b j e c t i v e s and t h e a u t h o r i t y to e n a b l e 
a c h i e v e m e n t of t h o s e o b j e c t i v e s . 
6530 E n s u r e s a d e q u a t e i n f o r m a t i o n f l o w t h r o u g h o u t t h e 
o r g a n i z a t i o n t o a s s i s t t h e a c h i e v e m e n t o f 
o r g a n i z a t l o n a 1 o b j e c t i v e s . 
6540 R e c o g n i s e s t h e d i s t r i b u t i o n of a c c o u n t a b i l i t y f o r 
pe r f o r m a n c e of t h e f u n c t i o n s and d u t i e s of the s h i p 
s ystem. 
6550 S t o r e s o r g a n i z a t i o n a l management i n f o r m a t i o n t o 
f a c i l i t a t e f u t u r e u se. 
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6560 E f f e c t s the l e a r n i n g to a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e o r g a n i z a t i o n a l 
management f unc t i o n s . 
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7000 SAFETY SYSTEM 
The p r o p e r and e f f e c t i v e u s e of a l l s h i p b o a r d 
equipment t o e n s u r e the s a f e t y and w e l l - b e i n g of t h e 
s h i p and i t s p e r s o n n e l . 
7100 WORKING PRACTICES SUB-SYSTEM 
The encouragement of s a f e w o r k i n g p r a c t i c e s a b o a r d t o 
promote t h e s a f e t y and w e l l - b e i n g of p e r s o n n e l and t o 
e n s u r e c o m p l i a n c e w i t h c u r r e n t l e g i s l a t i o n , 
WORKING PRACTICE FUNCTIONS 
7110 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower t o 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e o f n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
7120 Compares a c t u a l and d e s i r e d c o n d i t i o n s of s p a c e s , 
equipment and w o r k i n g p r a c t i c e s t o p r e v e n t a c c i d e n t s . 
7125 I d e n t i f y and implement a p p r o p r i a t e c o r r e c t i v e a c t i o n 
i n t h e e v e n t of a mismatch of t h e above c o n d i t i o n s . 
7130 R e c e i v e s and d i s s e m i n a t e s i n f o r m a t i o n t o promote 
s a f e t y a w a r e n e s s and to p r e v e n t a c c i d e n t s . 
7140 Promotes s a f e w o r k i n g p r a c t i c e s t o p r e v e n t a c c i d e n t s . 
7150 S t o r e s w o r k i n g p r a c t i c e i n f o r m a t i o n t o f a c i l i t a t e 
f u t u r e u s e . 
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7160 E f f e c t s the l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s to p e r f o r m t h e w o r k i n g p r a c t i c e s 
f unc t i o n . 
7200 SEA SURVIVAL SUB-SYSTEM 
Use of t e c h n i q u e s and equipoment to e n s u r e s u r v i v a l 
of p e r s o n n e l who have, or i n t e n d to, abandown own, o r 
a n o t h e r , v e s s e l . 
SEA SURVIVAL FUNCTIONS 
7210 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower t o 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
7220 P r a c t i c e s u s i n g t e c h n i q u e s and equipment a v a i l a b l e 
f o r u s e i n abandonment s i t u a t i o n t o o p t i m i s e t h e 
c h a n c e s of s u r v i v a l . 
7230 E x a m i n e s s e a s u r v i v a l equipment t o d e t e r m i n e i t s 
c o n d i t i o n and r e c t i f y p o t e n t i a l f a u l t s s o t h a t t h e 
equipment i s f u n c t i o n a l when r e q u i r e d . 
7240 S t o r e s s e a s u r v i v a l i n f o r m a t i o n t o f a c i l i t a t e f u t u r e 
use. 
7300 F I R E PREVENTION/FIGHTING SUB-SYSTEM 
Use of t e c h n i q u e s and equipment t o p r e v e n t s h i p b o a r d 
f i r e s and to f a c i l i t a t e e x t i n g u i s h i n g o f any f i r e s 
w h ich may o c c u r . 
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F I R E PREVENTION/FIGHTING FUNCTIONS 
7310 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e of n e c e s s a r y l e g i s l a t i o n and 
recommendat i ons. 
7320 E n s u r e s p e r s o n n e l a r e aware of t e c h n i q u e s and 
equipment to p r e v e n t f i r e s . 
7325 E n s u r e s p e r s o n n e l a r e aware of t e c h n i q u e s and 
equipment to f i g h t f i r e s . 
7330 E x a m i n e s f i r e p r e v e n t i o n / f i g h t 1 n g equipment t o 
d e t e r m i n e i t s c o n d i t i o n and r e c t i f y p o t e n t i a l f a u l t s 
so t h a t the equipment i s f u n c t i o n a l when r e q u i r e d . 
7340 S t o r e s f i r e p r e v e n t 1 o n / f i g h t i n g i n f o r m a t i o n t o 
f a c i l i t a t e f u t u r e use. 
7400 MEDICAL EQUIPMENT SUB SYSTEM 
E q u i p p i n g t h e s h i p w i t h t h e n e c e s s a r y t e c h n i q u e s and 
equipment t o p r o v i d e t h e c a p a b i l i t y of h a n d l i n g t h e 
immediate m e d i c a l n e e d s of t h e s h i p ' s p e r s o n n e l . 
MEDICAL FUNCTIONS 
7410 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e o f n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
7420 I n f o r m s p e r s o n n e l a b o a r d about m e d i c a l h a z a r d s t o 
m a i n t a i n t h e i r good h e a l t h . 
7430 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
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knowledge and s k i l l s t o p e r f o r m t h e m e d i c a l 
f unc t i o n s , 
7440 E x a m i n e s m e d i c a l equipment, and s t o r e s , t o d e t e r m i n e 
t h e i r c o n d i t i o n and r e c t i f y p o t e n t i a l f a u l t s s o t h a t 
the equipment i s f u n c t i o n a l when r e q u i r e d . 
7450 S t o r e s m e d i c a l i n f o r m a t i o n t o f a c i l i t a t e f u t u r e use. 
7500 EMERGENCY PROCEDURE SUB-SYSTEM 
D e a l i n g w i t h e m e r g e n c i e s , not o t h e r w i s e s p e c i f i e d ^ t o 
m i n i m i s e e f f e c t s and r e t u r n t o a s a f e c o n d i t i o n . , 
EMERGENCY PROCEDURE FUNCTIONS 
7510 A l l o c a t e s and d i s t r i b u t e s a v a i l a b l e manpower to 
e n s u r e n e c e s s a r y f u n c t i o n s a r e a c h i e v e d h a v i n g 
c o g n i s a n c e o f n e c e s s a r y l e g i s l a t i o n and 
recommendat i o n s . 
7520 D e t e r m i n e s n a t u r e of t h e emergency t o implement 
c o r r e c t i v e a c t i o n . 
7530 A p p l i e s knowledge and s k i l l s t o d e a l w i t h an 
emergency o r u n u s u a l s i t u a t i o n . 
7540 Compares a c t u a l and d e s i r e d c o n d i t i o n s o f v e s s e l to 
d e t e r m i n e i f c o r r e c t i v e a c t i o n I s e f f e c t i v e 
7550 S t o r e s emergency p r o c e d u r e i n f o r m a t i o n t o f a c i l i t a t e 
f u t u r e use. 
7560 E f f e c t s t h e l e a r n i n g t o a c q u i r e t h e n e c e s s a r y 
knowledge and s k i l l s t o p e r f o r m t h e emergency 
p r o c e d u r e f u n c t i o n s . 
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